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PREFACE TO THE THIRD EDITION 


In this, and in previous editions, advice from friends has been very helpful 
They now tell me that a simpler textbook of histology is needed, one in w^hich many 
of the details are brushed aside so that the fundamentals are revealed in their true 
proportions, in fact, they suggest, a streamlined edition The idea is not to save 
time by making it possible to hurry through the teaching of histology more quickly 
and with less resistance It is, on the contrary, to permit a closer focussing of 
attention on the correlation of form and function by lightly passing over the minu- 
tiie which we as teachers must look up time and again because they are not part 
of our dynamic concept of the body in action Consequently*, and facing inevitable 
criticism, because there is so much to be learned and no two histologists view the 
body in exactly the same light, an effort is made in this edition more thoroughly to 
consider what m my opinion are the main correlations at the expense of the details 
mentioned. 

But the method of presentation is unchanged As before it centers about the 
blood vascular system as the principal integrator Structure and function, being 
really indivisible, are described together in their natural fluid environments. When 
so connected a dynamic picture of the integrated whole gradually takes shape. This 
vision, however, will fade unless it is repeatedly called to mind and is ever made 
more comprehensive and accurate The value of any course in the medical cur- 
riculum depends not only on its quality but also on tlie knowledge of it possessed 
by members of other depaitments and their action m building upon it 

I wish to thank my secretary. Miss Goessling, foi her accuracy and patience, 
hlr J hi Albrecht for skilled technical assistance, Mr W G Elle for his excellent 
photomicrographs and in particular my son, E Y Cowdry, Jr , for helping me to 
understand the kind of assistance that medical students think they need 

E. Y. C 


St. Louis, Mo 




PREFACE TO THE FIRST EDITION 


The histology which we learned as students is very different from that we 
wish to present today New discoveries come so thick and fast that there is 
danger of losing our perspective But when we look backward, respect for the 
wisdom of the pioneers grows with every step forward The time is passed when 
a broad, even presentation of the microscopic structure of the whole body is needed 
Much that IS important must be omitted in order to present the most vital subjects 
at all adequately Justification for this is found by comparing standard works 
on physiology and histology Jn the latter many pages are devoted to structures 
which the physiologist does not deem worthy even of mention This elimination 
IS significant Concentration on a few subjects affords opportunity for the presen- 
tation of some of them in then proper setting, for emphasizing the value of experi- 
mentation and of what constitutes evidence 

Mfiiat to omit and what to stress is the question Obviously, the course in 
histology IS not an isolated experience pursued for itself alone, but is an integral 
part of the entire medical curriculum Most students have already had some 
training in biology m which cell division and the great truths of heredity and 
evolution are emphasized so that these need be considered only incidentally. The 
usual plan is to begin with a description of a typical animal cell, then to pass to 
the various tissues and finally to the several organs This is illogical and tune- 
consuming A generalized kind of cell which exists alone and can be considered 
by itself IS a figment of the imagination The properties of each and every cell in 
the body are directly dependent upon its heredity, the fluid about it, and the other 
cells associated with it, and should only be investigated in this connection. The 
''ame applies to the so-called elemental y tissues, epithelial, connective and so on. 
These, likewise, do not exist for themselves and by themselves, but function only 
insofar that they are integrated with the rest Consequently an attempt is made 
to build up, as the discussion advances, a conception of cells and elementary tissues 
in the many environments in v Inch they normally exist Organs and systems are 
stressed in order to fulfill the principal aim of the volume, which is to relate struc- 
ture and function in the whole body — itself the leal physiological unit. 

A just criticism of most textbooks of histology is that they repeatedly illustrate 
the obMous Figures consuming much space merely show at a glance what the 
actual preparations will lead the students to discover for themselves— a much 
more healthy experience. They are beyond the picture book stage Good illus- 
trations and clear-cut diagrams are, of course, invaluable, but they should present 
facts which the students find difficulty in unearthing, or which can only be dis- 
co\ ered by experiments oi techniques not practicable for them to make or apply. 
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A TEXTBOOK OF HISTOLQGlf 


ORIENTATION 

In histology the tendency is unavoidable to deal with the microscopically 
visible and consequently less fluid parts of the body When the students excise 
living cells and hurriedly examine them in salt solutions, they often give but little 
thought to the complex body fluids in which the same cells normally transact their 
business In the preparation of stained sections the tissues are almost completely 
deprived of water A one-sided conception of vital processes may therefore develop, 
which It IS desirable to counteract at the beginning It would be difiicult to suggest 
the role of fluids more graphically than in the words of the physiologist. Cannon 
(1930) 

“A flowing stream brmgs to the simple orgamsms fixed on the rocks of the stream bed the 
food and oxj'gen needed for existence and carries aivay the waste These smgle-celled creatures 
can live only in watery surroundings, if the stream dries they die or enter a dormant state 
The same conditions prevail for the incalculable myriads of cells which constitute our bodies 
We ordinarily think of ourselves as inhabitants of the air In fact, however, every part of 
us that IS alive is m contact with fluid The surfaces of the body are either dead, as the 
horny layers of the skin, or are covered with moisture, as the e3'es, the nose and the mouth 
Within these surfaces are the vast multitudes of minute living elements or cells which com- 
prise our muscles, glands, brain, nerves and othei parts. Each cell has needs similar to 
those of the single cell in the flowmg stream But the body cells are shut away from any 
chances to obtain food, water and oxygen from.the environment or to discharge the waste 
materials resulting from then activity To pro^^de these necessities monng streams of fluid 
have been developed to take from the moist surfaces of the bodjf food, water and oxygen 
ivhich they deliver to the cells in the remotest nooks of the organism, and from the cells thej' 
bring back to the moist surfaces the useless waste to be dischaiged ” 

As far back as 1859-1860 the French physiologist, Claude Bernard was teaching 
his medical students about the importance of the internal fluid environment 
According to Cannon (1932) his opinion shifted as to just wdiat this environment 
IS First, Bernard included only the blood plasma, then he added the lymph and 
finally included “the totality of the circulating fluids of tlie organism ” He called 
it the vnhcu intcncur and declared that “all vital mechanisms, how'ever varied they 
may be, have but one object, that of preserving constant the conditions of life in 
the internal environment ” J B S Haldane believes that “No more pregnant sen- 
tence W'as ever framed by a physiologist’’ (Cannon, 1932) 

This geneiahzation has been the subject of many investigations, especially by 
Cannon and his associates His book, “The lYisdom of the Body,” should be 
familiar to every student of medicine But histologists cannot agree with Cannon 
in his use of terms and in some other particulars He states (p 34) that “Ljunph 
is produced by the filtering of a portion of the plasma through the capillary wall ” 
The fluid thus originating is not in our view “lym-ph" but the intercellular or hssiie 
flmd which directly bathes the cells There is only one lymph, namely, the fluid 
within the l\mphatics Cannon also sajs that “ . the Ij'mph as a whole 

may enter a definite s> stem of \ cry thin walled tubes, the so-called lymphatics 
To enter as a whole would only be possible if the lymphatics were open 

( 11 ) 
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into the lungs and the journey is repeated merever it goes die blood is contained 
in a closed system of tubes lined everj^here by very thin cells, called endothelial. 
The analogy between the simple organisms in tlie flowing stream and tissue cells of 
the body breaks down because the latter are not in the blood stream; but are sep- 
arated from it by this functionally very significant endothelial barrier. Only the 
blood cells are within the stream The inner surfaces of the endothelial cells are 

washed by it 



Fig 2 — Diagram of interrelations of the three prunary fluids, tissue fluid (fine stipple), 
blood (clear) and bunph (close stipple), as they are found m the pancreas. The arrows 
indicate the direction of flow of blood and lymph. 


Tissue Fluid.— Extravascular cells throughout the body are inhabitants of 
tissue fluid The position of this tissue fluid is indicated diagrammatically in 
figure 2 winch shows, as viewed in section, three groups of pancreatic cells with 
their roughly spherical nuclei and small droplets of secretion antecedents (zjTnogen). 
The latter are grouped near the lumma into which the secretion is to be discharged 
About the cells the tissue fluid is represented by fine stippling. It lies between 
thein and the smooth endothelial wall of a capillary in which red blood cells are 
depicted in solid black But the amount of tissue fluid in the pancreas is e.\ag- 
gcrated in this diagram In microscopic preparations of the normal pancreas there 
is so little of it that its location can hardly be seen The groups of cells (acini) 
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E A leucocyte in the circulating blood is most sheltered of all since it is pro- 
tected by epithelium, tissue fluid and endothelium It varies only with the blood 
plasma and other blood cells and endothelium with which it comes in contact 

It is evident that he vital adaptations of single-celled creatures in watery sur- 
roundings are fundamentally different from the cells which inhabit our bodies 

A survey of the body reveals great variability in the amount and character of 
the tissue fluid m different localities It is always present in some measure between 
living cells though it may pass unnoticed There is a fair amount in loose connec- 
tive tissue (p 266) In cartilage and bone, tissue fluid becomes quite solid through 
accumulation of materials and fibers in it In other places it is so conspicuous that 
it has been given special names— peritoneal, pleural and pericardial fluids, articular 
fluid in joints, etc The cerebrospinal fluid, itself, can be considered as a special 
tissue fluid 



Fig 4 Proportions of body fluids (after Gamble, 1937) The interstitial fluid includes 

both tissue fluid and Ijunph. 

Ixical diversity in tissue fluid depends on several factors (1) The differential 
■pcrmcahihiy of the blood icssch. In some organs, like the liver, protein is allowed to 
enter the tissue fluid from the blood stream more readily than in others (2) The 
Tolwnc of Hie blood ftircam In highly \ascularizod organs the opportunity for dif- 
fusion through the endothelial barrier into the tissue fluid is greater than in organs 
possessing a poor blood supply or devoid altogether of capillaries (cartilage, cornea, 
epidermis). (,3) The special acfiriUes of the cells ivlncli inhabit li The cells derive 
their nourishment and chemical regulation immediately from the tissue fluid The 
requirements of different sorts of cells are not the same so that the tissue fluid will 
differ. Similarly the waste eliminated h> the cells into the tissue fluid will depend 
upon the functions they sen e. 

T pon the homeostatic stabilization in properties of the blood stream is, there- 
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fore, superposed an indispen‘^ble di\ ersitj in focil tissue fluid em ironments wth 
out s\hich di\i<5ion of labor and specialization of icti\it\ in the several orpins and 
tissues could not be effected This dn ersitv in the fluid surroundings of li\ ing cells 
(other than those of the blood) m different tissues and organs i& a gradual develop- 
ment during growth and differentiation made possible bv the fact that the tis iie 
fluids are comparativelv stagnant and do not circulate like the blood ^^'hcther 
the> circulate sufficientlj to come under Claude Bernard s heading of the totalitv 
of circulating fluids a question 

Lymph —There is convancmg evadence that m adults all I^anphatic vessels are 
lined with endothelium A plnsical barrier is consequenth mte^po^od between 
Ivmph (using the word correctlv) and tissue fluid outride the l^-mplntics just as 
there is between the blood in the capillaries and the tissue fluid wathout onlv the 
endothelial barrier is not identical m both situations 

The Ijanphaticsv stem is in a sense grafted upon the ' oscular sj stem (sec Fig 1) 
It appears first in the \ ertebrates Lvmphatic capillaries begin blindlv in the tissue 
fluid in the vicinitv of blood capillanes Such beginnings are heavily stippled in 
figure2 Tliefiow is alwaj-s m one direction from tlie diverse ti«suc fluid environ 
ments of active cells toward the heart Consequenth the Ivmph from diffircnt 
regions is different just as the venous blood is different The stream empties into 
the large veins at the base of the neck As it passes haltingh in tins direction it 
inverses vanous hanph nodes and Ivmpliocvtes are added The blind beginnings 
of the Ivmphatics are often collapsed The dilated state represented m figure 2, 
is unuiua! Actualh we must regard the lymphatics ns n siipplementarv moans 
of drainage of tissue fluid 

StnviMART 

It H important to gam an idea of the course of fluid through the body and of the 
quantitative relations of the three fluids mentioned and of n fourth wliicli is intra 
cellular and completes the picture at least m rough outline As indicated in figure ■! 
fluid enters the stomach nn the esophagus and pa'^ses from the intestines into the 
blood stream where as blood plasma it amounts to about 5 per cent of bodv weight 
Elimination is bv the lungs into the stomach back into intestines throu},h the 
kidnevs and ^kin while a large amount enters the tissue fluid This tissue fluid 
+ lymph IS vnguclv called interstitial fluid and comprises npprovimatclv lo per 

cent of the bodv bv weight TJierc is an exchange between tissue fluid and mtn 

ccllularfluid the latter being said to make up 50 percent of liody weigiit I'rnph 
and «ome ti <5ue fluid pass back into the blood stream 

Tlie average adult human being cames in Ins body about 100 lbs of water The 
amounts of extracellular and intracellular water arc of great functional significance 
and can now be calculated with fairaccuracv (I,owrv and Hastings 1912) Ccr 
tninh the m stem of supplv to the cells and removal of waste from them is water 
borne and tlic Ixxh made up of fluids cells and supporting structures formctl bv 
them IS constantlv changing in continuous adaptation to forces tending to up'Ct 
Its cqiiihbntim ixime changes arc rapid while others are 'low some are of large 
magnitude casilv \ isible to the naked eye while others are iiItramicro*'copic ''' 
the bwlv ages it gnuluallv adapts itself less well and wears out It is for us in 
Iii«toIog\ to obtain a dvnaniic concept of the minute structure of the Ixxly at work 
for until death work never ccavrs in thecellular population 
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milTE BLOOD CELLS 

To begin the microscopic study of the body with leucocytes is logical from several 
points of view Leucocytes are at once the most easily obtained and the most 
frequently examined of all cells They can be directly studied alive in a small 
amount of the fluid in which they normally live and their behavior can be watched 
iMoreover it is a simple matter to identify all of the piincipal varieties without the 
use of any stains Consequently the introduction to our cellular inhabitants is 
vital, direct and unobscured by artificial colors There is another practical con- 
sideration Oil immersion objectives and good illumination are essential so that a 
test of the students’ microscopes is provided at the very beginning when then- 
money can easily be refunded if necessary. 

Each student should be prowded with a small bottle containing 95 per cent alcohol 
In the cork is inserted a needle of the Hagedom vanetj’- v ith its cutting, lance-shaped end 
projectmg into the alcohol He should also have a co\ered dish partly filled vith alcohol 
in which to keep slides and cover-glasses which have first been washed and then treated w-ith 
cleaning fluid (Cowdrj-, Microscopic Technique, 1943, p 53) 

To avoid laboratory infections wash the hands in hot soap and water and the left index 
finger carefully with alcohol Let the finger di-j"^ and puncture the skin of the latei al surface 
of the terminal phalanx (not the palmar surface because that is used in grasping) Touch 
the slide to the emerging blood and immediately covei Practice is required in gettmg the 
right amount of blood 

Identification Unstained.— Leucoc>'tes can be clearly distinguished from red 
blood cells by the absence of hemoglobin in them Recognition of the straw-yellow 
color of hemoglobin, in individual red cells view'ed with strong light, is therefore the 
first step If this cannot be done, the individual is color blind and the sooner this 
fact is recognized and he learns to compensate by paying particular attention to 
form and to degree of brightness the better Cells illustrated in the first row of 
figure 5, A are reds (more correctly referred to as erythrocytes) wdiile the remainder 
are granular leucocytes Of the latter, there are three tj-pes 

Ncidroplnle Iciicocyics (Fig 5, B) are normally more numerous than any other 
t\-pe of white cell Almost their entire cytoplasm is filled with fine granules, except 
the areas occupied by the nuclei, whose outlines are consequently sharply delin- 
eated. The nucleus is made up of a number of lobes connected by thin strands 
of nuclear substance, but the latter are difficult to see in fresh blood This gives 
the impression that the cells are pol\ nuclear, whereas they are actually poly- 
morphonuclear It wall be noted that the neutrophiles are the first cells in the 
preparation to exhibit ameboid movement In thick mounts they are more 
rounded than in thin ones In both they soon flatten out on the slide and crawl 
acthely from place to place like slugs 

Eomiophk Icvcocyics (Fig 5, C) arc distinctly less numerous than the neutro- 
philes This, coupled with the fact that their cjtoplasmic granules are umformlj 
much larger and very highly refractile, renders identification a simple matter. 
The nucleus is likewise marked out by the absence of the granules It is usually 
somewhat polymorphic hut may he simple. The eosinophiles move about in 'a 
different w ay . 
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'‘lected U) cothrocjtcs (B) neutrophife? (O 
the dirrchon fhM iiJw Eocti m the h^iiiR state unstained Tlie arrows indicate 
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Basophile leucocytes (Fig 5, D) are the rarest of all white blood cells, occurring 
in the proportion of about 0 5 per cent However, search for an hour or so of a 
number of mounts of blood generally brings one to light, although in the case 
of some individuals to find them is extraordinarily difficult. ^^Tien seen they are 
unmistakable Their granules are less densely packed and of variable size and 
shape Under certain conditions the basophiles are also motile but less so than 
either of the other two 

Lymphocytes (Fig 6, A) are non-granular leucocytes in the sense that they do 
not possess specific granules comparable to those already mentioned Numeri- 
cally they stand between the neutrophiles and the eosinophiles The average 
lymphocjde is smaller than any of the granular leucocytes, though large forms 
may enter the blood occasionally It contains a nucleus which may be spherical 



B 

Fig R —Camera lucida drawings of selected (A) Ij-mphocytes and (2?) monocytes as seen 

in the living state unstained X 1600 


or slightly indented and occupies a proportionally very large part of the cytoplasm 
The c\ toplasm exhibits only a few granules, among which a little carbon is often 
noticeable in dwellers in smoky cities This carbon identifies the lymphocytes 
originating in the pulmonary lymphatics for it is not found in other vhite cells 
^^^)en first observed the lymphocytes diflcr from the three kinds of leucocytes by 
remaining stationary, but fifteen minutes or more after the blood has been drawn 
a few of them vill be obser\ed to mo\e in a fashion quite different from the other 
cells described 

Monocytn, or kirgc monomtclcoT leitcocyic<i (Fig. G, B), are not so readily identified 
in the li\ing unstained state because some of them look like o\ergiown lympho- 
cy tcs. The ^ isiblc differences arc more of degree than of kind They are slightly 
more numerous than the eosinophiles and, normally, the lymphocytes are approx- 
imately twelve times more abundant than they are The monocytes are the 
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largest cells generally encountered, tihile the IjTnphocjtes are the smallest Iilf 
the IvTuphocrtes tliej possess a single large nucleus which is spherical or heap- 
shaped It occupies relate eh less of the cytoplasm than m IjmphocWes Gran 
ules occur in the c\ topiasm and careful scrutiny "shows that the\ are more numer 
OU3 smaller and rather more refractile than are the Ijinphoc^'tic granules The 
monocj tes are motile but mo\ e m a different fashion from the h mphoc; tes 

The best w aj to demonstrate the characteristic structure and behavior of Inang unstained 
cells of these sorts is to «!how a moving picture film entitled ‘Ivonnal and Abnormal IVhitf 
Blood Cells m Tissue Cultur&s b\ H and M R Lewis m cooperation with A R Rtcb 
and M M ^Vmtrobe Camct,ie Institution of ^tashington This can be rented from fb« 
^istar Institute of Anatom} at Philadelphia 

Supravital Staining — the addition of dilute solutions of dves to fresh blooil 
other structural details can be demonstrated Janus green is the most useful of 
these d\ es because if stains mitochondria 

The technique is simple \ small drop of 1 to 10 000 solution of janus green B (which 
must be diethjl afraninazodimethjlanilui chloride) m phj sjological saline is placed on a 
sljdc A ^tr5 little blood is ad^ edand immediately co\ered with a coier glass No attempt 
hould be made to mix the blood tvatli the stain Thia is done bj tht. pressure of the cover 
glaw alone Success will depend chiefly upon practice in securing such small amounts of 
both that the two are pressed into a \erj thm lajer occupying all the space between tk 
cov er and the «lide Optimum coloration is obtained in fi\ e or ten minutes, first, of the mito- 
chondria in the li-mphoev tes and, later of tlioee m the ncufrophiles Another method js to 
allow eume of the d} c lu alcohol or water to dr\ on the slides and then add a little blood am! 
cover Tliejanus green then goes into solution in the blood plasms and stains the mito- 
chotidna in much the same wav The addition of phj'siological saline to the blood ccIN u 
thus avoided The mitochondna arc colored light bluish green and are at first the onlv 
elements in the preparation stained at all They occur m the form of tinj granules and rod< 
which look omething like bacteria (Technique, p 123) 

J'leuf"' il cm be e J\ed in the siine wav to color the so-cillcd neutnl red 
granule aome hemitologist the two dv es togetlitr (for details see Histological 
Technique p 3-1) 

Blood Sir Js —I’relimmarv to further work is the making and staining of 
blood smears winch can be examined at leisure 

The«e <hould be made on slides rather than on cover glasses for several reasons A larger 
film of blood IS thereby provided for examination Smears on slidts are easier to make and 
■o handle Thev can be studied vnthout covering them whereas a «menr on a cover glass 
mnot be moved about on the stage of theraicrcKicope unless it is mounted smear side down 
on a Iide The colors are often more permanent in smears on slides which are not covered 
with cover gla* es A good waj is to spread a thm film of immersion oil over them This 
dries much more quicklj than bal am or an) other medium under a cover glass 

Slides of good qualit) with ground edges and ncrupulou Ij clean are ncccs.ar> A finger 
tip or ear lobule is fir«t cleaned w ith Do per cent alcohol As soon as the surface has dned a 
small puncture is made with a prevaou 1) sterilized needle Special needles with lanc^ 
shaped cutting ends are better than ordinarj pointed ones A small droplet of blood should 
ap()ear on slight pre~. urc Tlie first is vn|>ed awa) with sterile gauze and the second and 
follovnng ones are used Unless the Mood w verj atronglv prcsseil out the differential count 
of white cells wall not be affected *s>roeadvi«e holding the fingers in hot water beforehand 
to produce a leiiijvorarj bvperemia in thtm but this is seldom advi able A droplet of sire 
sufficient to produce a smear of the dewred thickness (determined by trials) should be 
tOLched to the surface of a elide conveniently placed on a table about 3 cm from one end 
Immediatolv the end of a second slide, with its edge squareh across the first slide is brought 
in contact with the blood on the remote side of the drop from the nearest end of the fir*t 
slide The blood spreads quicklj along this edge toward the sides of the slide on the lauic 
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x^hicb IS steadied ith the left hand The end edge of the second «hde is slowly but stea Jly 
pushed the length of the fiist slide and the blood is diami out in a thin layer aftei it The 
angle of inclination of the second to the fiist slide deterannes the thickness of the smeai 
It IS nell to make the first smear at an angle of about 45 degiees, increase it foi a thicker 
smeai and decrease it foi a thinner one In the making of ‘^meais it is impoitant to liaie 
plenty of elboii zoom To make good smeais is a fine ait and a ciedit to the indnudual 

Blood smeais letain then staining piopeities foi a few daj's but thej’- should lie coloied 
without undue delay It is both wasteful and undesirable to cover the vhole slide with 
stain Part of the slide will have to be used for i ecord n i itten n ith a diamond pencil There- 
foie dian tno lines acio=s the slide near each end ivith a A\av pencil oi a piece of paiaffin 
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I'lG 7 — Tjiies of cells found in nonnal blood Colored by Wright's stain All cells 
diann nitli the same magnification and outlined nith the carneia lucida foi the purjiose c' 
conijiaimg sires X 1150 Xos 1 to 5, inclusive, neutrophiles, 6, 7, S, l\nnphocytes, 9 to 13, 
monocytes, 14, platelets, 15, a gioup of led blood cells, 16, 17, eo-iiiophiles 18, 10. 20 
“basket cells,’' dcgcneiated leucocytes, 21, basophilic leucocjde 

The stain added nith a dropper mil coier onlv the intcn cning part Wright’s blood stain 
(Commission Cci tilled) is lecommended Dn- the smear m air Covet the aiea between 
the w a\ lines w ith «tain mcasiii cd by drops fi om a medicine di opper After 1mm add same 
volume aq dcst , shifting the slide a little from side to side «o that it iiiixc^ faiily well. V 
green metallic looking scum fomis on the surface Leave 2 oi 3 nmi Too long staining 
prodme^ a piecipitate It may be nece~«ar\- to use for dilution instead of aq''do't the 
McTimLiii-lIaden bulTci Wash in taji water 30 see or more until thin parts of sincai 
liecome pink or \ellow. Diy bv blotting with smooth filtei paper and evamine diiectly 
w if hont mounting in bal-am and adding a covet -glass fTcchiiiqiie. ji 1 1) 

Leucocyte Counts. lo gain familiarity with tln^ leiicoevtfs in 
siaiiual smc.iiN, It is <lc->inible to make (hfrrcuiml count-, of the kinds of Imicofn tes 
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theadx brief}\ characterized The information gained is of interest to the omn 
of the blood nnd pro^^des i b isi‘5 for a more detailed discussion of each t^■pe of cel! 

\ student po' es'ing a microscope equipped with a mechanical stage has a di tmct 
advantage because he can be «ure to enh count the same area once Select with low poirer 
an e\ cnlv spread and n elJ stained smear TMth the od immersion passing from left to right 
and bach again, clavi/j the fir't 200 leucocjtes. encountered Ks in the fresh preparations 
the Dcutrophiles are identifiable bj their tinj granule? b} their poljraorphic nuclei which 
shon much more clearlj in the stained ctmdition The eosinophiles have distinct!} larger 
pranules colored reddish and their nucla are lihel}* to be a little less polymorphic and less 
deeph '‘tamed than tho*« of the neutrophiles Normsllj there are about 20 neutrophiles to 
1 eirinophiie Ba^ophiles are much more difficult to locate This is due to tbeir ^careit} 
But when one is found it is immediatel} recognited b\ its basophilic granule'- which are 
often fen m number and of variable •nic Since time is precious Bome students do not get a 
good Mew of ba'ophiles until they examine bone marrow Bv convention the mall IjTnpho- 
cv le« arc arbitrardv con«idered to grade up to a red blood cell in diameter the trlermedtait 
ones to be larger m diameter than one and Jess in diameter than three wlule the large ones are 
greater than three Small )vmphocyla> are conunon in the blood, intennediates are <carce 
and large lvmphoc}lesarenot normaD} found therein To distinguish between intermediale 
Ijmphocv tei and monoev tes is difficult and ^^etirocs impossible The latter usuall} have 
a more indented nucleus a less basophilic c}"topla*in more conspicuous fine granules •‘tan) 
mg w jth the Azure component of the mixture (termed Aztirophde) and when tamed «upri 
Mtnllv vMth neutral red and janus green exhibits kind of rosette of "neutral red granules 
in the nuclear concavxtv 

^uth 'i differential count usuxHv reveals approximateK 6S per cent neutrophiles 
3 ptr cent eo'inopliiles 0-03 percent bxsophjles 20-i2 per cent ivmpbocvles and 
0-7 per rent monoevtes Tlic greatest variation is normalK found m the hmpho* 
cite? which cannot be altogether explained bv failure to properlv distinguish 
between them and monoevtes A mmorttv of medical students each jear report 
40 oO and even higher percentages ^\'hcn the tells look nivTiital or the counts 
remain high when repeated ac weekiv mtenal? advice of Student Health Service 
•should bp obtained I arris (JOTS) has shown th it emotion mav result m IvTupho- 
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After the mild worn of \ thesis it ro^e to 3a9 ^^lth examinations considered to 
be of increasing seventv the average percentage climbed to 518 Ivinphoc^te 
count The iwnphoev tnsis disappeared in from onc-half to twent} four hours 
followine r<U i c from emotion 

Note th It tin tot il number of leucocvtes shovred no marked ch iiige during the 
evperunetu AMien rniploved to de^gnate such total counts (usinllv madi in a 
Inter mur'-i in rbnual microscopv) all white cells arc incluiled as Jeucfirvtes 
lion el ir if i common practice al-iO to speak of leucorv tes jn contnst to honpho- 
evU-- uliidkire il <* white cell? One should alw tvs Iiear m mind the variations 
Jxvib <juantinti\ r md qualitative in normal leucocvte? (^turgi? and Ihthcll 1*^13) 
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Neutrophiles.— In addition to their polymorphic deeply staining nuclei and tiny 
neutrophilic cytoplasmic granules, the neutrophilic leucocytes show no particular, 
easily seen, distinctive properties /As one would expect the general structural 
components, common to most cells, are also present, just as all humans have lungs, 
kidneys, arms, legs, etc Of these mitochondria are perhaps of most universal 
distribution so that their presence can be taken for granted and need not enter into 
subsequent descriptions except in special cases Their shape is indicated by the 
name (G mitos, thread and chondros, gram) They can be easily demonstrated by 
supravital staining with janus green and have been mistaken for bacteria Centri- 
oles are rarely seen t^Tien present they occur m the concavity of the nucleus In 
the region of the centriole an accumulation of material, termed the Golgi apparatus, 
after its discoverer in nerve cells, can occasionally be demonstrated by special 
methods Its role in cellular activity remains to be determined 

But only the grosser details of structure are revealed microscopically They 
afford but a poor and inadequate background on which to consider function which 
interests us most Because the phj'siologic activities of all cells are co-extensive 
with their individual lives, it is proper here to outline the events and opportunities 
m the life of a neutrophile He is the Ulysses among cells— a great wanderer 

(1) In the Bonb Marroxo —Individual neutrophiles begin life as the daughter 
cells produced by the last division of neutrophilic myelocytes of which more later 
(p 51) Unfortunately this last division is not identifiable, neither is it possible to 
follow the whole career of a given neutrophile It is clear, however, that a neutro- 
phile does not attain to quite the size of the parent myelocyte It is also evident 
that, before leaving the bone marrow and entering the blood stream, its nucleus 
becomes slightly more polymorphic At the same time it is fair to assume that 
motility and phagocytic power increase 

While all neutrophilic leucocytes are ready to devote their lives to the welfare of 
the cellular community, not all of them are drafted for this purpose Their existence 
extends from mitotic birth through youth, maturity and senescence to death For 
this reason they are listed as postvuiotics m contrast with their myelocjdic parents 
which are tnterrnxtohcs. The individual lives of the latter are fundamentally dif- 
ferent Though they begin, likewise, with the mitosis that gives them birth, their 
existence as individuals extends between this mitosis and the next in which they 
divide into 2 daughter cells They do not attain full functional specialization 
neither do they become senescent and die but individuality ceases. This classifica- 
tion of cells according to their mode of life is given in detail elseuhere (Cowdry, 
1912) 

(2) hi the Blood Stream —As neutrophiles are carried along they are capable of 
phagocytosing certain bacteria (if present) and some particulate materials with 
V inch they may chance to come in contact But the great majority seldom enjoy 
the opportunity of ingesting bacteria because blood infections are rare. More 
frequently a few are called into the tissue fluids to combat local infections 

pAactly how long, on the average, neutrophiles remain m the circulation has not 
been discovered, Roberts and Kracke (1930) have obser\ ed a complete disappear- 
ance of neutrophiles from the circulation within four da\s after the decrease began 
in a patient suflering a recurrence of the condition of agranulocytosis If, during 
these four davs. no >oung neutrophiles entered the blood from the bone 'marrow 
and those that were present di.sapiieared at the same rate as in a normal person, 
their a\erage time of sojourn in the blood stream could be placed at .somewhat less 
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than four dft\s Weiskotten (1930) has reported the disappearance of rabhit 
}eucoc\ tes tvhich correspond to human neutrophiies, from the circuhtion three to 
four da\s after the production of nerr cells was presented b^ mjurj of the marrow 
■nith benrol The similantt in the tune of disappearance lends support to both 
obsen ations 

Neutrophiies m the circulation hate been listed m fite classes of increasing age 
bt ^rneth (1904) depending upon whether the\ possess I, 2, 3 4 or 5 (or more) 
nuclear lobes (Fig 8) In Schilling (1929) counts three t^pes of neutrophiiea 
(jiiteniles stab nuclears and segment nuclears) are recognized, clnnctenzed bi 
increasing nuclear jioljinorphism and b} certain other features, in the transition 
from jouth to maturity Valuable data on the raatuntj of neutrophiies in the 
circulation ire to be obtained from such counts But Bunting (1912) reminds us 
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Fio 8 -Classification oMciicoCTlcs in file Ameth groups (Redrawn from Cooke, 

J Roj "Micr Soc) 

tliat ItueocMes with bavophilic protoplasm loosch woien nuclei and e\cn «ith 
basophilic granules among the neutrophilic granules and thus obMOtish joung 
cells ina\ show as m in% lobes to the nucleus as cells ei identlj senile ffe also , 
calls attention to the e^cessnt lobation (8 or 9) in certain pathological states | 
\\*hen neutrophiies are examined at mteranls in blood isolated m 'cms between two 
ligatures de^ch)pnlent from one class of \metli to another is not obsen ed. but i 
when blocwl is thus isolated in which the number of %oung forms H first increased h\ 
stimulation of the Iwne marrow development from class I to class II can be demon | 
stratttl (Clirnerko and Ponder 1044) Acconling to Crosman and CJmnpper , 
(1038) increascil functional actn itv brings about an mcreasoil lobation in a shorter | 
time than that rerjuireil to produce a similar lobation with time alone as a factor 
^Iorc recently RicJiter (1942) removed blood from the axillaij vein and examined | 
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the neutrophiles after incubation for various lengths of time In smears made at 
the times indicated (Fig 9) he found neutrophUes in decreasing stages of nuclear 
poljnnorphism. 

Schilling (1908) was the first to notice non-motile neutrophiles m blood examined 
in the dark field Sabin later observed similar cells in which she (Sabin et al , 1924) 
failed to find mitochondria with the help of janus green Decrease in motility and 
in mitochondrial content are both to be expected as neutrophiles age but how 
general is the death of these cells in the blood stream remams to be determined 
Smith and JMcDowell (1929) have been unable to confiim the idea that large num- 
bers of them die and think that the dead, non-motile cells are often technical arte- 
facts. According to Maximow and Bloom (1937), “The presence of degenerating 
leucocytes in the circulating blood, although often described, has never been con- 
firmed experimentally ” 



Immediate 20 minutes 40 minutes 60 minutes 



SO minutes 100 minutes 120 minutes 120 minutes 


Fig 9 — Structure of neutrophiles v hen fixed and stained at various intei^'als after 
removal fiom axillaiy vein and incubation at body tempeiatuie X 2220 (From Richter, 
Courtesy of J Morph ) 


If tliree to four days is accepted as the duration of tlieir residence in tlie blood 
stream, ^ to } of the total number present must leave the blood in some way each 
day IMany are filtered out by the spleen and the liver to be destroyed by reticulo- 
endothelial cells (p 102) , but, in the absence of counts of non-motile leucocytes in 
blood entering and leaving these filters, two possibilities remain* either that these 


cells are removed with extraordinary speed from the circulation or that onB* a very 
small, almost negligible, proportion of neutrophiles age and die in this Avay because 
as seniles they are so seldom seen in the blood. The neutrophiles, which remove 
themsehes from the circulation by entering tissue fluids, do not figure in this 
estimate because it is concerned only v ith the frequency of neutrophiles which lose 
their li\ cs and cannot emigrate 

(3) In Ttmic Fhads —Leucocytes may happen to be washed through vessels 
the endothelial linings of vliich have, for some reason, become sticky so that they 
adliere to the \esKel walls (sec p 09) Correlated with this stickinc.-^s, but some- 
times independent of it. the blood stream may be slowed or temporarily stopped. 
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It ^ ould be a mistake to assume that either of these conditions is necessariK abnor 
mal though both can result from injun Howe\er thej fa^ or the passage of neutrtv- 
pliilcs through thcaessel walls and their entrance into the surrounding ti«iie flmdj 
In pathological states this migration of neutrophiles can occur m an\ part of the 
bod\ in response to a chemical message (cliemotaxis) so that the emiroiments 
entered can be of wide \aneta especiall\ since some of the en%ironments probabh 
change witli ageing of the bod\ That some neutrophiles normalli enter certain 
ti-^sue fluids is assured as w ill appear later 

Tlie onh detailed account of their age changes m tiasue fluid we owe to the 
Cl irks (1930) These im estigators studied the fineh granular ]eucoc\ tes of rabbits 
which corre'-poml to human neutrophiles in special chambers inserted into the 
cars \fttr passing through thea^sel walls the Icucocitcsmoae about m the tissue 
fluid for a d or two phagon tosing an> matenals that appeal to them come to 
rest round up lo'^e their nuclear pol^anorphism and before thej die assume an 
appeirance reminiscent of non granular leucocytes (l\mphocjtes) Richters 
oliscnationa already noted areconfirmatorj 



Fi( 10— Plu lological leucocjtosis occurring during menstruation Drawang of a 

smear ffom the third stage fluid showing the ornyal of mjriads of leucocytes into the 

yaginal fluid the epithelial cells Uc scattered among them and arc being dissohed anu 
inyadi-d bv the leucocjtet. (Redrawn and modified from Stockard ) (Cowdry’s Speaal 
Cy tologj Paul B Hoeber Inc ) 


(4) III Lumifw CnniiecUng If ith the Outside If otM — ThoiigJi many neutrophiles 
ige and die in tlit tissue fluids some tray el furtlicr afield Isaacs and Paniehan 
(l')27) lint riportetl that neutrophiles pass into the mouth m saliva and have 
considcri“d it likoh that they also escape through the mucous membrane into other 
parts of the dnnentan tract Perhaps in this anatomically extracorporeal loca 
tifin Minu neutrophiles are still able to phagocytose bacteria The authors con 
cliidwl til It thw method of clirain ition is a regul itory mechanism for maintenance 
of the jtroper number in the blood Bunting (1938) found neutrophiles m the sah 
vary ducts but did not commit himself on the conclusion reached b\ Isaacs an 
Damtlmi Flu litcnture contains many accounts of similar escape by lymphocytes 


and CO mophiles 

Stock ml s (19 {’1 description of the migration of swarms of Icucocytca j 
same tviie (Init not iKutrophilic m the mammals studied) into the vaginal flui 
/U ring the tliml vt (,f a'stnis H partituhrlv sigmfic int because it is a norma 
prthc^,'* not at d] in ri-sponsc to bactenal invasion (I ig 10) According to uni 

\ iJ/»uri)o i of the Icucocyteseemsto he (o destroy the excess of spermatozoa 
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remaining in the uterus A leucocyte comes in contact witli a spermato- 

zoan which with its tail is longer than the leucocji;e The leucocyte by stretching 
and contracting finally takes into itself the entire spermatozoan, the tail being 
wound in a circular fashion within the cell body ” Neither this genital, nor the 
alimentary escape, is possible until the neutrophiles have first left the blood vessels 
and have entered the respective subepithelial tissue fluids 

Several facts emerge from this glimpse of the life history of neutrophiles. First 
it is interesting that, though these cells may be living in many different environ- 
ments, they usually present the same appearance and presumably are ready to 
function in the same way Second, there is a large element of chance in their call to 
service In the circulation they phagocytize certain bacteria with which they hap- 
pen to come in contact— a rare experience (Neutrophiles are rich in enzjTnes, 
Barnes, 1940 ) When present in the blood flowing through a portion of a vessel, 
the lining of which has for some reason become sticky, they may adhere to the 
stickj" surface (Fig 44) If, when in this position, they receive a chemotatic mes- 
sage from outside the vessels, they may respond and move through the wall into the 
surrounding tissue fluid (on the mechanism of chemotaxis, see McCutclieon, 1942). 
Or they may chance to be swept out into the tissue fluid with other elements of the 
blood if the wall of a vessel is cut or broken Once in the tissue fluid their behavior 
IS conditioned by the fluid, or particulate matter in the fluid, which touches them 
Depending on circumstances, they may or may not become phagocytic Perhaps 
by dying in healing wounds some liberate food substances for fibroblasts, which 
Carrel (1924) calls trephones, and thus make themselves useful Conditioned by 
location of the tissue fluid they may, or may not, find themselves near lumina com- 
municating with the outside world If they do, and they happen to be among those 
beckoned onward, in some way difficult to understand, they may escape into ali- 
mentary and other fluids 

On the whole it is not surprising that neutrophiles are provided in numerical 
excess of the ordinary functional demands for them— that there is a large factor of 
safety In practice the number of neutrophiles m a sample of blood is a valuable 
indicator of the condition of affairs in the body If the total leucocyte count, made 
up as it normally is chiefly of neutrophiles, increases greatly one looks for other 
evidence of an acute infection If the Schilling count shows that the number of 
young neutrophiles, with incompletely segmented nuclei, is greater than normal it is 
said to reveal a shift to the left which is a bad sign This indicates that the need 
for neutrophiles continues to be so great that they are being called out from the 
bone marrow even though immature ^^^]en the count shows that the percentage 
of such cells is returning to normal, the condition is styled a shift to the right It 
suggests that the emergency is over and that the demand is decreasing. 

Eosinophiles.— These have somehow become specialized along another path. 
Grafted upon a similar background of organization is a different structure and 
function Their characteristic c.Uoplasmic granules and nuclei have been men- 
tioned Their private lives are even more beyond our ken than those of the neutro- 
philes Like the neutrophiles these eosinophilic cells are of marrow origin, but 
comparatively few of them are found in the blood stream Their primary function 
IS not phagoc\ tosis. hut they can ingest bacteria (Ilertzog, 193S, Fig 11).* 

It IS in the tissue fluids that eosinophiles are chiefly seen A survey of these 
iMuiromncnts shows that, vhile they may occur in practicallv all of tliern. thev are 
ordinarily most numerous m the cxtravascular fluids under the linings of the respira- 
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ton and dige5iti\e trjcts ^^lth respect to inhaled substincts and to mnternli 
taken mb\ mouth these are \erj exposed positions 

The members of the chss ^\ho hiNehigh eosmophile counts often gue a histon 
of asthma or of being allergic to certain foods It is possible also that thej mav be 
suffering from a mild infection with parasite acquired bj eating incompleteh 
cooked hamburger that has been made into a more generous helping b> addition of 
pork which is cheaper than beef Be this ns it ma^ an eosinophilia in the blood 
where it is easih scon and in the subepithehal tissue fluids where it is o\erlookcd 
unless rt\ ealetl bj examination of tissues rcmo\ cd at operation or autopsj , appears 
m man\ cases to be related to exposure to a wide s anet> of materials to which the 
individual IS unduh sensitive But other factors mav beinvolved It is remarkable 
how quickh an increase in blood eosinophiles can be produced experimentally 



1 IG 11 -Eo inophiles containing pliagocj tired streptococci from a case of eosmophilia 
X loOO (From IlerUog Courtesy of Am J Path) 

( hillingworth (i al (lOTk-SJ) selected 15 medical students and handicappeil 
exjunition b> using a partly blocked shutter valve Counts made beforehand 
showetl an average of 043 per cent eosinophdes During the period of dvspnca 
wliicli averaged two and one><iuarter minutes other counts revealed an average of 
7 19 per cent I ive minutes later the cosinophiha had subsided to an average of 
I 1 per cent Others have found that more mdical interference with expiration m 
rabbits and dogs produces a more pronoiinccel eosmophilia In these cases the 
air sacs arc distended and the vi eeral sensory fibers of the vagus are undoubtedlv 
‘•timulatevl \nd we recall thatllajos ind associates (1920) secured marked eosino- 
philn bv direct electrical stimulation of the vagus m dogs The average rise 
spread over 10 animals was from 8 1 to 10 5 per cent Chillingworth believes tint 
eosinophiles arc rcleaseei from the Ixme mirron hv a selective nenous reflex 
\ev crthcU'v^ he and others are fullv aware tint all of these procedures are accorn 
pamc»l bv ‘<\pri a-^phv’xn (mcrcT^ in COi tension of blooil) 

lumiiig to the tiv.ue fluids \cinours (1031) tvoketl an eosmophilia of maxilhrv 
sinus bv givingpiloearfune which attained a maximum in five minutes and 

di«appearwl after tttcntv four hours 
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The results of these experiments seem to indicate a change in distribution of 
eosinophiles rather than an increase m production, though the latter might happen 
if stimulation were sufficiently prolonged Some think that eosinophiles serve as 
detoxifying agents It is, of course, conceivable that they secrete some substance 
which combines with the offending material to render it innocuous Another 
possibilitj^ is that they may adsorb or ingest the material and thus tuck it away 
where it will do no harm. 

Basophiles.— These cells have perfectly definite structural features faintly 
staining, rounded or slightly indented nuclei, and basophilic cytoplasmic granules 
which are of irregular size and seldom so densely packed as in eosinophiles or neutro- 
philes. 

The percentage of basophiles is so small as to seem almost negligible. Moreover 
any considerable increase in health oi disease is conspicuous by its absence. But in 
some amphibia the blood basophiles are more numerous than the finely granular 
leucocytes which correspond to human neutrophiles The obvious conclusion' is 
that production of basophiles is a vestigial phenomenon comparable,' in "a" small 
way to the continued development of a useless appendix. 

But this interpretation may not be correct. What gives us pause is 'the chance 
of a relationship between these cells and extravascular, or tissue, ' basophiles of 
which more later (p 274) Suffice it to say here, though the tissue basophiles are a 
much more robust tribe, they do show a structural resemblance to ‘those in the 
blood. The blood basophiles, like the neutrophiles and eosinophiles originate in the 
bone marrow and are discharged into the blood. They are feebly mobile '-^^hap's 
they invade the tissues, also like their associates, and take on a new leaSe'ofdife.* ' 
The claim has been made that tissue basophiles produce heparin (Jorpes, Holragyen . 
and Wilander, 1937) It would seem the part of wisdom to investigate the relation,' ‘ 
if any, between the blood basophiles of forms that possess them in abundance and 
heparin production 

Before passing to the non-gramdar leucocytes a brief review of the common 
properties of the already described granular leucocytes is in order. All three vari- 
eties originate in the bone mariow and are therefore said to belong to the myeloid 
series {Myclon, marrow + eidos, like) The word “series” is here used to include 
cells of marrow origin, that may or may not enter the blood stream, in addition to 
the granular leucocytes which are finished products of the marrow. As postmitotics 
the granular leucocytes serve their purpose, if the opportunity is given, and die 
without offspring They all contain specific granules by which each can be con- 
A eniently recognized Another common feature is that they give a strongly positive 
reaction for peroxydase. This is of clinical use, because, by contrast, the non- 
granular leucocj tes are negative or very feebly positive. When, therefore, atypical 
white cells are encountered, which are rich in peroxydase, the possibilit\^ that they 
are granular leucocytes or their precursors is more seriously entertained 

The peroxydase reaction is simple and should be tried 

1 Dn' l)lood .'JTiic.'irs in air. 

2 Flood the slides vith solution A (0 5 per cent copper sulphate) After one minute 
pour off the solution but do not -wash or drj’ the shdc-'J 

3 Apply 'ohition B (rub up in a mortar 0 2 gin benzidine \Mth a fen drops of distilled 
V nter. Then add 200 cc of distilled ^\ nter and filter To the filtrate add 4 drojis of 3 per cent 
Indrogon peroxide and keep the resulting solution in a dark bottle) Allow to act for two 
minutes. Then w ash in tap w atcr. 
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4 Stain -nitli solution C (1 0 per cent safranin m distilled water) for one mmute asli 
again m tap natcr and drj 

The perot)da«e granules are colored lilue and the nuclei orange red while the spe^fic 
atopla'mic granules remain unstained ^ee Technique p lo4 ) 

Lymphocytes — For convenience Jvmphocv'tcs ire irbitnnh classed m 3 
taiegone^ 

(1) Small, di imeter equal to 1 en tlirocv fe or less— these ire the most numer 
oils those ordmanlv found m the blood and intended w hen the term l\ mphocj te \ 
emploved without qiiilifieition 

(2) Intermediate diameter greater tinn 1 ervthrocvde and less than 3— occur 
spirsch m blood and ibundantlv mlvmphoid tissues 

(3) Large dnmeter greater thin 3 ervthrocv'tes— norm'll^ confined to Jm 
phoid tissue and bone nnrrou and onlv entering blood stream iti patliological 
conditions 

The principal striictiinl features of a small, or tvpical hraphoevte is itsspher 
leal or oval nucleus ind its small amount of ectoplasm often visible on onl> one 
side Indeed the nuclcocvtophsinic ntio maj be higher than tint of anj other 
hind of tell in the bodv The nucleus stains mtenseli with ba«icd\es and i> rich m 
chromatin The c\ topi ism is basophilicnnd cent uns a large amount of mitochondria 
in proportion to its volume as well as a variable number of curious granules calletl 
azurophilic for in ’jmcars thev are colored bv the arurecomponentoftlieituxture 
Lvents m the lives of small l>Tnphocvtes 
are but little known to us Thev originate bv 
mitotic division of parent cells of mtennediate 
size in the Jjinjilntic tissues Tjinph enters 
the venous blood bv tvro channel i large tliora 
cic duct ando small right jugular h mplntic duct 
Ihcrtfore the number of hmphocvtes dumped 
into the blood in twentv four hours can be esti 
mated far more accurntel} than the number of 
nciitropliiles which are swept into the blood in 
man} streams from the bone marrows Since 
this number exceeds the total Ijmphocvtcs 
present in the circul ition at an} one time which 
remains fairl} constant and evidence is lacking 
of their death or wholesale change info other 
cells it follows tliat most of these cells rennin 
in the blood stre im less than twentv four hours In the rabbit Ivonphocv tes in the 
circulation are rtpl icixl as qiiicklv as fivcfimesa dav (Sanders FJorev and flames 
I&IO) 

During thi hric! period the Umphoextes seem to do nothwf; wore than pas- 
sivclv to drift arounci Mitoses are practiciiU} never seen except when there is 
some iiimsiiil Stimulus to cell division (I If, 12) Kuclear div ision suggestive of 
amitosis have been dc-'cnbed (I ig 13) but we are not satisfied that tins splitting 
of nucleus w follow ol bv division of cvtoplasm to piwluce 2 new indiv tduals either 
here or in anv other part of the bmfv unless some instances of division of the whole 
cells are attinllv «cen 

it ( alls <0 rnanv 1} inpbocv tes from the ' ascular lumina out into tlie tissue 
fluids has Hot l)etiMlj wvtrcd But normalU thecallismsistentalongthcdigestive 



lie 12 —1 >ani)liocj te of bovine 
dividing under stimulus of a proto- 
roan para«ito Thetlcno parco 
Parasites arc seen just above the 
chroma'omcs tCowdrj sndDanks 
Parasitologj ) 
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tract and negligible from the vessels in the extremities A massive migration of 
blood lymphocytes into the tissue fluid ]ust within the epithelial linings of the 
stomach and intestines may take place in fasting. A Negro executed in Clayton 
showed this beautifully (Fig 130) He had lost his appetite forty-eight hours 
before death In pathological states invasion of tissue fluids can occur in any 
situation Lymphocytes arrive after the neutrophiles and stay much longer. They 
may arrange themselves diffusely or line up as perivascular “collars ” 

Having thus returned to the tissue fluids, after travelling away in the lymph and 
circulating in the blood, the careers of these individual Ijunphoc^sdes continue to 
show lack of uniformity and the element of chance Some die, but not many, 
because signs of degenerating lymphocytes are seldom encountered Others escape 
into the intestinal lumen and die there. Still others stay put and end their lives by 
mitotic division in the production of offspring 



Fig 13 — Stages in amitosis of IjTnphocj^tes Blood film of a mouse six days after an 
exposure to heat, showing various stages of amitosis m the l>Tnphocji.es (Redrawn from 
Murphy and Sturm, J Exper Med ) 

The relation of extra vascular lymphocytes to the other non-granular white 
inhabitants of tissue fluids is much debated It is possible that they enlarge to 
form intermediate and large Ij mphocytes Whether some normally enjoy a new 
lease of life as monocytes, plasma cells or Russell body cells (see connective tissues) 
may be determined at some time m the remote future Given an adequate stim- 
ulus, such as the subcutaneous injection of egg white, Ivoloiich (1939) found that 
vithin a very short time cells can be seen which seem to be transitional between 
small lymphocitcs and monocUes (maciophages) as is illustrated in figure 14. In 
groups the\ seem to rise to the occasion and swell LMnphoc\i;es can also phago- 
cyti7e bacteria (Fig lo) but this seldom happens and certainly is not their chief 
function. El idence has been presented that they play '^oine part in resistance to 
experimental cancer and tuberculosis m mice (iMurphy e( al. 1919) Lymphocytes 
arc often increased in coinalcscence from acute infections and in chronic conditions 
of many sort> They are \er\ su-^ccptible to \-ray They are further discussed in 
tonncction with the 1\ rnpliatic s\ stem w Inch is more their home than the blood 
Monoc 3 rtes.~'’i’hc^c difier sti ucturall\ from mo-,t K mphoc\ tes ‘jcen in the blood. 
The\ are larger, ha\e a less spherical mirleiis x\hich stains less intensely (Fig. 7), 
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possess more c\toplasm \\hich is less bnsophihc and contains more nputnl red 
^anulcs often disposed in rosctte formation in the nuclear concavity and thei are 
relatn cl\ less numcroiis than the hmphocjtes 



14 hours after tnjeelum 



J$ hours 



23 hours 

Fio 1-1 —! 'Tiiiihocj tes and macrophapies in ti*wue spreads stained bs Mfl^-Grflnwald 
Ciom a methofJ obtained b\ biopsj from rabbits at lanous interials after subeutaneou* 
injection of ejJK white Shows Ij-mphocjtemaeropbaKe tran formation X 1500 (holouch 
courto«i of \ni J I ath ) 


Identification of monocitcs m normal Wood is iisualh feasible hut it requif*^ 
practice \et nhentnanN non-g^anular cells are present especialh inpatholojjico 
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Sviall hj7nphocytes 



Large mafitre lymphocgie 



Monoajtc 

15 -Mnnll Ivnipliocj (f c from a ca'^e of I^^nphatIc leukemia -liowimr 

■ x'1's-' mZ ■’ rr 
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conditions it is not possible ah\ais to deade nlietJier a pirticular cell is a mono. 
c\te or a J3Tnphocv-te A scries of cells cm be selected ranging from i t\i)ical 
hinphoc>'teon the ont hind toatiTpieal inonoej'te on the other m which one cannot 
be sure where the h mphoci. tes end md the monoev tes begin 



Pio 1C — rhotograph of a drawing of a monocjte whir-h has phagocj tos^d two tubercle 
bawili which arc repre.cntccl unstamtd and which were unquestionabb stillalne S«(. mij 
be estimated from tlie accompanjmg representation of a red blood cell (Phofogroph In 
R S Cunningham ) 



Fjg 17 — Ili^pon e of monoejics to lepnwj bacffli Small fjTiipho<*yte as a nie 3 ‘“irr 
of lie B Monooie containing a mass of bacilli (represented m blacL) raidt/pljing w * 
more fluid part of tJio cj-topla m C, A larger monocj4e with cveral groups of multipb'U’S 
bacilli D and B Cclti jn whirfj the bacilli arc granular and degencratiDg The dear 
circles in the ci'top}a«m rcprcMjnt droiJets of fat X 9o0 

How IS such n senes to be interpreted in attempts to conjure up a picture of the 
hfeof anindiMdmlmonoci te? It mat mean that a cell bom and brednsabmphn- 

c\te cm enlarge undergo stnictunlrcor^rinizition and change hodil> lutoarnono' 
c\ tc If this col) In es first as a ii'mpboci’te and then ns a monocvtc Lnfortu 
natch how e> er the senes is mailt of unknowns arbitrardv selecteil because st 
the moment of obsenafion each cell considered inffrnj(?<fjate difTercd from it' 
neigblxir in being n little Ie<s bkc a fvpical hmphocite and more like a 
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monocyte. There is no means of knowing how each of them would have aged, 
whether the resemblance to a monocyte would have increased or decreased. When 
Ebert, Sanders and Florey (1940) held individual lymphocytes under observation 
for twenty-four hours in transparent chambers inserted m the ears of rabbits, the 
said lymphocytes continued to exhibit tjTpical movements and showed no signs of 
changing into any other type of cell This does not however signify that lympho- 
cytes never change into monocytes But what would happen over a longer time and 
under different conditions is pure speculation Because there aie so many lympho- 
cytes and so few monocytes, the transformation, if it occurs, can involve only a very 
small number of lymphocytes 



C D 

Fig 18 — Illustration showing paiasites within monocytes A and B, Hepnlozoon vmris 
m the rat, D and C, Hcpatozoon cams in the dog X 3000 (Rediawn from Wenyon, Proto- 
zoology, Williams & Wilkins Company ) 

Another possibility is that wdien a lymphocyte divides, for some obscure reason 
and in a small minority of cases, one, or both, of the daughter cells grows up as 
monocyte. Or monocytes may conceivably develop, not from lymphocytes in 
either of these two ways, but from some other sort of relatively undifferentiated 
cell by transformation or by mitosis Once formed, some monocytes unquestionably 
live intermitotic lives and by division give rise to other monocj tes in v Inch case our 
individual monocyte begins life as a monocyte. 

The subsequent stages in its existence depend on chance. Whether in the blood, 
or in the extravascular tissue fluids in which they probably originate and to whicli 
tliey are prone to return, monocj tes exhibit the facultj’ of being able to pick up 
materials of manj' kinds with which thej' come in contact IMonocytes indeed 
have been stjded the giqisies of tlie cellular communitj' In their beliaMor thej' 
difi'cr sharply from lymphocjtes, which wander about as much as thej' do but 
w ithout having particles stick to them 

iMonocjtes also differ fiom neutrophiles in their phagocj’tic properties This is 
a long story only part of which can be told Both, for instance, take up the bacilli 
of tuberculosis and Icprosj- when exposed to them But in the monocj tes some of 
the organisms continue to Ii\c (Figs 16 and 17), and in leprosy multiplv within the 
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cells so that the latter become enorraouslj distended, whereas the neutrophiles 
either kill the organisms or are killed bj them and neaer swell up Not on]\ the«c 
bacilli but protozoan parasites can li\ e within the monocj tes w itness the hcpato* 
zoa (Fig 18) Parasites that can )i\e within la'mphoca’tes are still more numerous 
Neutrophiles generalK destroj what li\ mg organisms thej ingest Awideaanefi 
of foreign materials and cellular debris are taken in b\ both monoca tes and neutro- 
philes Figure 19 indicates the response of monocates to carbon Again there is 
great enlargement not present in the case of neutrophiles 


Fio 19 — Drj Fmear of blood from right scntncle of mbbit after repeated mtraseaous 
injections of saccharated iron owde and India mk H, Jlacrophage Von, monocj'fe u 
transitional cell between monocjto and Ijmphocyte si lymphocyte and ere red biw 
cell to sene as standard of size (Maximow, Cowdij s Special Cjtology Paul B Iloeber 
Inc) 

This im>noc\tic enlargement supplies another series whicli begins with a tjpical 
monoc\ te and arbitrinl\ ends with a ta'pical macrophage— a tell so hrge tliat it u 
ordmanh filtered out bj the first capillarj b«l encountercil and consequenth 
appears but rarch m the blood stream One cannot sa\ where the inonocjte ends 
and the murophage begins but all are not agreed ns to the composition of the 
senes Some tiiink tint it is made up of at least 2 tapes of colls which respond m 
the same wa\ to particulate matter that macrophages arc not tnlargeil moiio^tes 
The mnnoevtes tint become so preatla disUndcfl probably gn to pieces 'Hieir 
li\es are therefore postmitotic insofar that tlies extend from the mitosis whici 
ga\e tliem birth to death and not to another mitosis But a great imii\ 

In\e a rlnncx to become phngorvtie Perhaps the majontv of these are inter 
initotJcs wjth mdniduiJ Jn es limited l« the next fojjowjngmitosjs and do ha^e t e 





1 iG 20 —Illustrating the behaMor of chicken leucocyte,' m tissue culture' as seen after 
'iipraMtal stuning c\ith neutral red and janus preen showing neutral red granule' and 
initoehondrn /, Pohnnondiomiclear leucocyte two hours in plasma and embiwo juice; 
3, er\throc\tc for comparison, 3. blood monocyte two hours in pla'ina and cmbn.'o juice, 
s'linc, but diffeiciit culture, i, blood monocyte twenty-four hours m j)la=ma and embiwo 
jiiite, 0, 'amo. forty-eicht hour' 7, ='iine smenta-two liours, S, same. mncty-=i\ hours- 0 
md in, ti"ue m.urophaur' twenta-foiir hours m ph'ma and embryo juice Carrel and 
r.bfhiig. unirtC'j of .1 E\jK^r Mc<l j 

^ 37 ) 



3S 


WHITE BLOOD CELLS 


pottnti'ihtv of forming othtr ceHs t pro|)erti not sJnred b\ tbe dcfiiiitfl} jx^t 
mitotic neutrophifes coiinophilci nnd baiophilcs liiis. brings up one hst gnit 
difftrencc between non grinulnr and gnmilir leucocj tes The former {hinpiioc^tea 
md monocs enn become malign tnt as m Hodgkin’s di'^enseand someieiicemni 
In no other group of eelK ire the relationships so little known The dnwon of 
hemitologists into sects is to he pnmanlj attnbuted to the haziness of idcis con 
cernmg non gninihr ltucoti,tes Some belieie this, others beheiethnt, there are 
the umtinniis dunli-sts and trnlists., ' who concen e of blood ctlb ns oiming 
from a single tiTie from two t\j)cs and from three t\pes of cells, tlie "extreme 
umtariins mel tht neo unit irnns ” fo mention them b> name, and to attribute 
the wrong belief to one of them would be unpardonable 

llow e\ er some of the tmnsfonnatioiii of non gramil ir leucoev tes that one must 
boir m mind is possible oce’urring are mdicaleel in figure 1 Tht problem vrii! 
unfold 1 little w ith cunsider itton of I3 mphatic ind ronnectis e tissues 



I lo il ‘'ome jHxs ibk intcrrelatioRS of non granular leucocjtcs 
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iMiowlidge of ftiiKtion 1 ig-> far lieliird knowltdee of the structure of leiiioeitc' 
\\e think at oiue of p/joc/ix ijimit \er' useful propcrti ’I wo kinds of leucoc'to' 
!i nl all either IK of the IkkJv in thisdutv Both nciitrophilcs and monocs tea can 
ingest In ini. bit tin I iswiH dc id particles of man\ kinds but there is a sort o 
(li\ 1 1011 of I ilxir Utwi-eu thiin Tlie newtwiphiles are the first on thespot toeami >1 
baitiri d iin i umsof tht tissue^ ukI thex arc most tfiieient in the destruction 0 t ‘C 
buttrii tlui plngtKitirt {In monoextes mobilize more slowh lead m 
ch umig u[) tif foreign i« itt n d dead ctlU niid pirta of ctlK ind beta* nc gnJ ' 
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distended by the ingested material Phagocj'tosis by other kinds of leucocytes is 
unusual and evidently not their main function. 

hlotility is a feature of all 5 tj’pes and, like structure, is characteristic of each. 
But merely to move about is not a service to the cellular community. Position is 
not a good clue to function. Yet the manner in which the eosinophiles arrange 
themselves in the most exposed tissue fluid environments beneath the epithelial 
linings of the respiratory and alimentary tracts, and their increase in number in 
response to foreign materials to which the bodj^ is unduly sensitive, suggests a role 
crudely expressed by the term detoxification 

It has recently been claimed that the basophiles produce hepann but this 
remains to be proved Lj'mphocj’tes are the outstanding enigmas Like the 
monocytes, and unlike the granular leucocytes, thej^ are at least potential!}^ inter- 
mitotics They may serve, not only in their own right as lymphocytes but also as 
producers of other cells But these other cells (monocytes, plasma cells and Russell 
body cells) are so few in number compared with lymphocytes that the vast major- 
ity of lymphocj'tes cannot be expected to produce them. 



CHAPTER II 


RED CELLS AND OTHER I-ORMLD BODIES 

Red Cells —These elastic, biconca\e lens-shaped hemoglobin containing bodice 
are of fairh uniform size In dried smears their diameter is usually placed at76/« 
Tins figure should be remembered because it is con\enient to estimate the size of 
other cells m smears h\ reference to era throcates Moreover the girth of capillaries 
IS adjusted so as to let them through easila I igure 22 is instructive because it 
gia es an idea of hoav different must be the capillarv circulation in forms pos'esscd of 
large era throcates 

I ikc the granular leucoca tcs tljcse cells are produced m the bone marrow , but 
in their (leaelopmcnt Nature has produced cells intended for service after their 
death ^cen in the circulation re<l cells are simpla hemoglobin containing bodies 



Fio 22 — Ciant nucleated erj throev (es of tailed amphibian (Amphiuma) compared witli 
human one* A^nghts stain X 9C0 (From ttintrobe Clinical Ilematologj, wa ^ 
Iclugcr ) 

with clistic walls In the circulation of gold and sihtr mankind has discovered 
nfti r in inv trials tli it these precious nietda should be coined m the shape of cir 
cular discs Red celK art like coins except that tlicir sides arc slightiv hollowed out 
to form biconcave lens-shaped structures Tliev stick up like coins in rovleoui 
when rather thick mountsare inadeof fresh blood Butthev arcobviouslv different 
from coins because tlitir surfaces are soft and vieldmg Otherwise the^ would 
ilamape the walls of the vessels and licquicklv broken up themselves 

It H sufficient to w atcli them licing rushed along in the w eb of a frog s foot, or in 
some otlier conv cnient material to see how rcadilv thev change their shape oniv to 
resume it again equalK promptlv This spe-iks for trulv remarkable elastintv arf 
HO) 




RED CELLS 


41 


Myelocytes 


cloblast 


Eosinopliil 
mj clocy te 


1 Casopliil 

m\cloc\ to 

2 Depenenited 

leiicoet to 
(normal) 


PolUilocj tcs 
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filament nu- 
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^lonocj tos 


Lj mpliocytos 
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(crj throcj Its) 
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cells (rtlii ulo- 
cites) , 1 per 
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I'K, 23 — Xontml aiui iiathological blood cells IVritihl’s ptain X 1000 (Nicholson, 

Laboraton ^Icdicine ) 
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orfniiizntion Li\ in^ cells coitW not stind the ncl ct so long If it j» cot ft isiMt 
\<tualh to fleraonstrate this tleformition and recot en, the process cm hctJcirh 
sctn in i mo\ing picture film entitled ‘Mierom'inipuUtnc Studies of BlootlCapil 
lanes prepared bt Dr B W Zttcifach, Dept of Biologt, Nevr lork l'ni\cr-n , 
^^n^hlngton Squ ire College 

Despite this resistance to trauma rerl cells respond easil} to physical and 
thtniicaJ changes in their eoMronment It is a difficult matter to mnke a mount 
of frcsli blood in such a ^ aj that thej are not distorted The plasma of tlie cir 
ciihtttig blood Ls said to be isotonic because m it the reds ret im their normal appcu 
ince \ppro\miattl> isotonic fluids can be made for use when the blood h niidiwl 
outside the bodi Among these maj be mentioned Hingors solution and n solii 
tion of 085 per tent of sodium chloride in distilled niter rimds nhich loiitiin 
too much ‘•lit ire referred and those nith less than the right imount 

of silt J3 hi/poionie 

It Is. in interesting c'qicnmcnt to uatoh duecdj the eilects of such solutions on red cclb 
\ mall amount of blood from the finger tip is mounted on a slide A drop of h)7>cr{oni5 
(1 per cent) salt solution u placed along one edge of the cot er slip in contact it ith thehlw) 
Tlie olution mngles sloitlj rvith the blood and actual stages in the shnnkage (ireratioi) 
of the rods can be followed If it b desired to hasten the process the solution can lx dnwt 
through In touching a piece of blotting paper to the blood along the opposite edgp of tV 
coter ’‘■hruiXage results because substances in solution tend to become e enlj di tnhuUnl 
The which are prc'ont in the biT»rtomc solution in a higher concentration than la the 
pla«3na to w Inch the cells had been accustomed, v ill diffuse into the cells in an attiTurt to 
ivecomc c\eul\ distributed and to reestablish o motie equilibrium At the «amc time w ate 
tt ill Icii 0 tl\e cell tending to reduce the coacenlcatioQ of salts ui the surrounding fluid Th * 
nbstrictioii of \ ater ineiitabh results m a marked decrease in i olurne of the cells ^\^'cn8 

hiqiotonic olution of si) 0 Jpercentofsodiumchlondeisusedin thesaintwa) thercicr c 

happen* agmi as (ho icsuft of the tondencj of substances in solution to bewme cicnlT 
distributed although the actual shift is %er) slight indeed Salts leaio the cells to inrrea e 
tilt concentration without and waferenterskacliog to decrease m concentration mcica.ein 
volume and great swelling of the cells sothstthc) even may burst 

\» itlt quite conception of red cells cm be obtnuiccl In comsider ition onb of 
tluir deid remains Their life historv, to the best of our knowledge todn 
divisible into three periods 

(1 ) Normoblastic — Eich and e\ erv red bloo<l cel! origmites> in bom. m irrow hv 
mitotit div ibion of its pirent in the hemoglobin production line It is horn eh irged 
with i cirtmi iniouiit of hemoglobin nnd i nucleus and is known is i Komof'f'’d 
(I undid) Since it IS de^tlncd for Service, not for multiphcition chssific'' 

tion i-i a postmitotic is justified lliis normoblastic stige of its cvistoncc la nonmlh 
pis wi m (hem {f/tiH Ihc niicfeiisdtsappcirs I victb how isnotknown but m 
the condition of erv throblistosis fclihs (Beianer 194')) inanv mstmccs arc en 
touiitirwl of bn iking up of the nucJeiw bv budding Some of the pvrts thrown 
oir persist for i time as the IIowcIl-JoHv liodtcs See Schlciehtr (1942) on tut 
mtnrt of ( iliot nii), llnrc rcmiins in the cy tophsm i considcnblc miouut »'> 
mitrriil wliiih t sttmible as i kind of reticulum with nevitnl rc<k briHuint iresv 
blue nnd 'imil ir d\ ts 

(2j Reticulocytic In this second stigethecell n cdlctl i (1 ig - | 

ind there r< i < n to think th it it is still jurtlv aln c betiu i misses of rtd bu'*’* 
fi Us inihidmt. m uj\ rttuvjloevtes consume oxvgcu Such celk onhmrilv nmaiu 
n-'idents of tin bout in irrow \t birth i con idtnhlc ptrtcntif.e of rcils >n t u 

t ir id ition m i\ bt ill till (urt of their life cvcle though in adults the rcticulm'ti-v 
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gaming entry to the blood stream are only about 1 per cent of the total number 
present. 

To study reticulocytes select a 7 to 8 lb rabbit and begin the experiment taking 25 cc. 
of blood and a like amount every second day including the late afternoon of the tenth day 
The best way is to shave a fairty large area of the thoracic wall on the left side. Locate the 
point of maximum cardiac pulsation by feeling between the 3rd and 5th ribs Treat the 
skin vith alcohol Insert vertically a sterilized hypodermic needle attached to a sterihzed 
sjTinge of large capacity "RTien the ventricle is punctured blood surges up in the S3Tinge. 
(The messy vay, harder on the rabbit and more likely to cause infections, is to bleed from 
the ear vein ) During the tenth day prepare sufficient slides foi the class Place on each 
slide near the end 1 drop of 1 per cent brdhant cresjd blue in absolute ethyl alcohol With 
the end of another slide draw the fluid ovei the slides and allow it to evaporate In the 
morning of the eleventh daj’’ give the slides to the students, bung in the rabbit with shaved 
ear, make a small puncture and have the students smeai blood as alreadj- described on the 
jirepared surfaces of the slides, dry m air and examine Reticulocytes ai e seen to be greatly 
increased in number and are leadily identifiable by the purplish-blue color of the leticular 
material m them (Technique p. 171) 





Fig 24— Nuclei of nonnoblasts budding off Howell-Jolly bodies Blood smear from 
ease of erjdhroblastosis fetalis in a two-day old female Coloicd by Wright’s stain and 
coiintcrstained by Giem«a’s X 1800 (Lent bj- Dr. Carl Y. IMoore ) 

(3) Erythrocytic.— With disappearance of the reticulum, usually completely ac- 
complished in the bone marrow, the cell becomes an crtjthronjir and is washed' into 
the blood stream As alrcadN stated, however, a few enter in the reticuloc^ tic 
phase E\ entuall.N the cr\ throew te wears out and is rcmo\ ed from the circulation. 
The total existence span of a red blood cell, during which it is called these three 
names, is not acair.iteh known Several methods of estimations arc emplo.ved. 
The newest one is to tag the er\ throe \tcs with radioacti\e iron (Cruz ct al 1941). 
^Mien exposeel to this iron the er\throc\tes take it in and tlic time that some of 
them remain radioactn e can be measured. There is reason to think that the ter- 
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niinal phase of usefulness m death formant is about fift\ dajsandforafew much 
longer perhaps one hundred da> 3 or more See also Graam (1942) 

The ultimate fate of the red cells is of interest Some think that thej break up 
in tile blood stream presumablj i\hen their colloids have through advancing age 
lo-Jt their remarkable elasticitv and for tius reason can no longer stand tlie racket 
But the uniformitv in si 2 e and slnpc of red cells in the circulation is impressive and 
fragments are so rare as to cause comment whenever tbej are seen Reds are not 
onlinarilv phagocv tizcd bj non granular leucocj tes m the blood stream Mnnv are 
somehow squeezed through the walls of the venous sinuses of the ■'pleen In the 
evtrav iscular tissue fluid of this orgin thev ire engulfed and digested bj micro* 



4 P 

Tic 2j — t I’hagocj tcs of lung culture from ati immunuecl rabbit filled with co 
cjtcs five (la}s iH rUro cr) throc) tcs added tweot} four hours previously B Normalluag 
culture phagocjici surrounded bv crytlirocy tea no evidence of phagocytosis low ways 
in ntro erythrocytes addnl twenty hours before fitstion (Redrawn and modified from 
Bloom irch Bath and Lib Med ) 


phages Others come m contact with the endothelial cells lining tlie sinusoidal 
capillaries of the liver where the current is slow and are taken in by them fhe^ 
two are the mam sites of disposal but wherever leucocytes of this sort encounter 
verv old re«ls thev art likely to pliagocvtizethein Wiy less old but definitely dea 
reds arc dcclmctl bv the pluigocvtcs rcinaina to be discovered Perhaps wif 
advanced age their smfnct becomes more naieptible As Bloom (1927) prove* 
immunological factors tm opcrite TIius the plngoevies of normal rabbits arc 
apparent!' unable to copt with crvtlirocvtcs of pigeons but when the rabbit w 
immunized against them the pliapocvtesactivch ingest them (I ig 2o) 
the means cmploved tlie red blood cells are removed from circulation while mO 
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still possess considerable hemoglobin and presumably retain ability to function in 
tissue respiration. Useless reds are not allowed to clutter up the circulation. 

The service of erythrocytes is fairly well understood. Why the hemoglobin 
should be locked up in their interior is an interesting question. Stated in simple 
terms the answer is twofold* The properties of the capillary walls are such that if 
the hemoglobin were free in the plasma it would pass through them and leave the 
circulation. This is what actually happens when red cells are laked (dissolved) in 
the blood stream, the liberated hemoglobin immediately finding its way out by the 
kidneys To hold free hemoglobin would involve the construction of capillary walls 
which would retain not only hemoglobin but many other essential substances. In 
the second place, the shutting up of hemoglobin within the red cells has supplied a 
protected fluid medium of constantly regulated physical properties in which the 
hemoglobin can function far more efficiently than in the blood stream where the 
high concentration of sodium chloride would be a deterrent As Barcroft (1922) 
says: 

“In the intenor of the red blood corpuscle the haemoglobin exists in a world of its own , by 
this device Nature has at a stroke increased the efficiencj' both of the blood and of the 
haemoglobin, it has saved the blood from possessing physical properties Mhich the haemo- 
globin would othenvise have conferied upon it— increased viscosity, and an unpossible 
osmotic pressure, it has saved the haemoglobin from being dissolved in a solvent (NaCl) 
of other than maximal efficiency and from functionmg at a hydrogen-ion concentration m 
w Inch the remarkable properties of haemoglobin as a respirator}’- pigment would not betray 
h eir maximal efficiency— such is the rmwn d’etre of the red blood corpuscle.” 

Data on the chemical structure of erythrocytes are conveniently reviewed by 
Williams, Erickson and Macy (1941) The course of iron through the body and 
its role with copper in hemoglobin synthesis is clearly presented by C. V iMoore 
(1939). 

Counts of erythrocj’tes supply valuable information but experience in making 
them must be left to the course in clinical microscopy In the examination of 
smears of his own blood and of those of his neighbors the student should learn three 
things: (1) to appreciate the alterations in form and staining reactions that are due 
to faulty technique and are not attributable to conditions actually existing wi vivo; 
(2) to gain an impression of the usual degree of uniformity in the appearance of 
erj throcytes and (3) to be able to identify red blood cells which are prematurely 
discharged into the circulation. 

Platelets.— These can be seen in circulating blood when the vessels are observed 
at fairly high magnification Each is a distinct individual witli sharp outlines 
However, uhcn ex-amined in fresh mounts, they do stick together and in stained 
smears they are usually more or less dumped. Platelets are ordinarily much smaller 
tlian any blood cells and it is possible always to see that they are made up of at 
least two components: a clear ground substance with granules in it That they are 
cjtoplasmic fragments is ciidcnt The most uniformly present granules bear a 
striking re‘=cmhlance to the cytojilasmic granules of megakaryocytes (large nuclea- 
ated cells) of the bone marrow in their coloration by the stains of Wright and 
(beni'^a. Other granules can be supraxitallx 'Stained with janus green and appear 
to be mitochondria. 

I !gur(‘ 2G •'hows stages in tlie breaking off of platelets in which granules re.*einh- 
hng those of megakar\ oc\ tes are conspicuous But it is in the bone marrow r.ither 
than in the blood .>treatn that this Uikes place and it would be unwi'^e to conclude 
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tlmt rntj,‘\k'irjoc^tes are the onl) source of platelets Besides the bone marrow 
tlie\ eceni to come from the spleen 

point 'ilttn\s to be borne m mind m the morphological stud\ of platelets b 
that tlie\ arc subject to great \ ariation In blood during actu e regeneration plate- 
lets 26 to oO n in length lia\ e been reported (Tocantins 1938) In blood that has 
been prea cntcf! from coagulating b\ the addition of ovalate or citnte solutions the 
platelets maa extend spine-like processes Sometimes platelets look like micro- 
org iniMiis 



Fill 2(1 — Megakanocates in the penplieral cucuiatioQ id a case of mjelogenous leu 
cenua compared miUi red cells and mjeloblasts A NskcKi nucleus of megakarjoote 
li tnegakarjoejtc with cjlnplami disintegrating from fame ea«c C anti i), megakarjo- 
cj tes ho-e ej topla m is tircaking up and givang rise to platelets E slio« ing a ariation m 
size of ret! F and G mj cloblaita (Redrawn from Mmot, J Exper Med ) 

It IS a helpful exerci«c for the atudent to compare the platelets (as well as the blood cells) 
in thick and thin -nitars of his own blood made (1) xxhen absolutelj frc«h (2) after it has 
exuded from the needle puncture and has remained on the surface of the finger for one nun 
utc and (3) one Jjour after mixing on the dide with 2 per cent arjueous potassium oxalate 
V demonstration should lie made for his benefit of platelets and fibnn xicwed by tho dark 
field micro«cope 

To determine rough!} whether platelets are present in approximate!} the normal num^r 
prick the aleohol Btcrilircd finger through a drop of the diluting fluid of Rees and Ecker 
(3 8 p(r cent oshum citrate 0^ per cent commercial formalin and 01 per cent brilliant 
cre»sl blue) Mount and count quick!} the number of platelets per er}throc}te If there 
H alioiit 1 platelet per cxer} 20 erythrocytes and the total count of er}throc}tc3 is that 
con idernl inial for adult male^ nimcl} 5 000 000 per c mm (which is 8 fair prelmiinsr} 
suppofition) then the numlwr of platelets is8bout2o0000c mm This is coruidercd normal 
In ca.-e the ratio of platelet to or}throc 3 rte (checked b} the instructor) is more than I * 
orlossthanl til nfir thestudent to theStudent Health ‘’crxice (Technique, p KVD) 

\ttcrnpt )ii\p IxTn rmdt nithoat much success to relate the structural 
f« attires of plati 1< ts to their age and plijsmlogicn! nctix itx It is know n that some 
pi itekts consutiie (,x\ gi II and an prcsiimablx lixing How long they goonlixingw 
1 question tint hat not l.rtn aiiNweresI Tocantins (1938) m Ins extensive rcMCj^ 
^ivca much mfomution It appears tliat all platelets in tlie circulation can be 
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replaced in three to five days, that 100,000 per c.mm. can be formed each day and 
that in certain pathological states the platelet count can rise to 1,000,000 per c mm 
in the short space of twenty-four hours Worn out platelets are destroyed by 
phagocytic action chiefly in the great blood filters, the spleen and the liver. The 
platelet turn over is evidently fairly rapid That they play an important role in 
blood coagulation is assured. Nature not only makes dead erythroc^des useful, 
but also cell fragments, in the form of platelets, and regulates the fragmentation so 
closely that counts of the pieces are of clinical significance 

Chylomicrons.— This name is given to tiny droplets of fat, visible in the blood 
plasma after a fatty meal by light reflected from their surfaces when examined in the 
dark field. The prefix, chyhs (G for chyle), is appropriate, because they enter the 
blood m the lymph, or chyle, having come from the area of intestinal absorption, 
and the suffix "wicron (G for minute body) is likewise fitting, because of their small 



Fig 27.— Diagram illustrating method of counting chylomicrons and of constructmg a 

cun e. (Gage and Fish, Am J. Anat.) 


size Chylomicrons have been thoroughly studied by Gage and Fish (1924-25) 
w hose paper should be read carefully by every medical student Evidence has been 
proi ided by Ludlum, iaft and Nugent (1931) that the fat is encased in a protective 
film of protein vhicli may condition its utilization The distribution of micro- 
scopicalh \ isilile fat ria the blood stream is an important factor in metabolism and 
will be referred to again in the description of fatty tissues (p 277) Owing to the 
fact that "faf is mctabohml and deposited more quickly during the day than during 
the night’' a rhythm exists in cliylomicron frequency (Bohm, ctal , 1941) 

Figure 27 illustrate‘: the method of making a chylomicron curve. The circle A 
rejiresents a portion of a preparation of blood, taken before a fatty meal, seen in 
reflected light The 10 ‘^mailer circles vithin it indicate red blood cells, the fila- 
ments. fibrin; and the small wliitc spherules, chylomicrons. Three of the latter 
are reprc-sented as vithin the space covered by a ruled disc inserted in the ocular. 
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The other large circle B slio^s* the condition of the blood four hours after a fdtt\ 
meal ^\hen 91 ch%lomicrons were the same space 

Select 2 student \olunteers Ha\e the first take for breakfast at 8 a si cereal with a 
pint of cream (or if this is not a\ ailable a quart of milk) and the second bread and a bottle of 
Coca Cola Between 11 a M and 12 noon make a mount of the blood of each and exarame 
m the dark field (Technique p 52) 

Other Particles — HiMng in mind the \ariet\ of blood cells tind their ceaseless 
circulation often crashing agimst tlieuills of tliexessels, it is surprising that other 
particulate matter is of such rare occuntnee In stained smears one occasionallj 
finds a fen small bodies knonn is kemoronia (G haemia blood + Konis dust) 
rile tenn is looselj used and not all of the particles thus designated are of the same 
nature Some max be cell debris others coagulated blood protein dje particles or 
atmospheric dust that has settled on the smeare 

This brief morphological studj of while cells red cells and other formed bodies in «mean 
and m fresh blood should be supplemented by attempts by tlie students to see how many of 
the components alreadj ob cnedthej can identify m fixed and stained sections of tissues 

SUMMARY 

Crythrocyics are produced m the bone marrow Wlien first formed bv the 
di\ ision of tlic p irent cell<) they are in the nucleated normoblastic stage of their life 
In the rcticulocy tic stage tlie\ possess a conspicuously stainable reticulum In the 
cr\throc\tic «tage this reticulum has been lost and they ser\e, while dead m the 
blood stream ns earners of ox\gcn and carbon dioxide In this last stage the\ are 
elistic bitoncaxe lens shaped bodies rich in hemoglobin characterized bi great 
resistanci to mechanical injurv As living cells they could not stand repeated 
trauma sj long PlatcleU are fragments of the cytoplasm of mcgakaryocv’tcsof the 
bone marrow and possiblv of other cells ns well The\ are smaller than any blood 
cills ctinsibt of n In aim looking ground substance m which granules are imbedded 
and thev are not quite dead Platelets plav an important part m blood coagulation 
Chyhnnrrons arc droplets of f \t encased m thin protein films en route from the arci 
of intestinal absorption to the tissues Other particles are of se\ oral sorts but are not 
numerous 
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BONE AmiROW . - . 

In tracing the lives of blood cells it was necessary to include reference to their 
origin and fate and thus to consider what happens in some extravascular situations 
outside of the blood stream We now pass to the principal site of production of the 
myeloid series (granular leucocji;es and erAdhrocj-tes) in bone marrow and defer a 
further description of the lymphoid series (lymphocj-tes and monocytes) until the 
lymphatic system is taken up 

But development of the cells of both series has been reported far afield from the 
usual locations The potentiality apparently exists wherever comparatively undif- 
ferentiated connective tissue cells exist Formation of blood cells is designated 
hematopoiesis (G haima, blood 4- poieo, I make) When the myeloid series is 
produced outside of the bone marrow the phenomenon is known as extramedullary 
myelopoicsis 

General Properties.— The volume of all the bone marrows taken together is 
greater than one might expect In adults it is about 5 per cent of the total body 
weight Marrow is of 2 sorts red, which is productive of blood cells, and yellow, 
which is fatty A quantitative study of neutral fat, solids and water has been 
made by Huggins, hlcFadyen and Wiege (1940) In children bone marrow is nearly 
all of the red variety In adults, whose bones are larger, not all of the available 
space within them is required to house red marrow The balance is occupied by 
yellow marrow This is an admirable arrangement No lighter filling material 
could be found that increases when less red marrow is demanded and decreases, 
when more is required The mechanism involved in this give and take is not knov n. 

One factor may be local rate of oxidation Fat is accumulated when it is not 
burned and disappears when it is burned And fat is offered in chylomicron form 
to all vascularized tissues The speed of chemical changes, including oxidation, 
is increased by rise in temperature Huggins, Blocksom and Noonan (1936) have 
discovered that in the animals studied there is a temperature gradient extending 
from centrally placed to distally located marrow near the ends of the extremities, 
where it is 4 to 8° C lower. Huggins and Blocksom (1936) have also observed 
that the red marrow decreases in relative amount and the yellow increases in passing 
from deep to peripheral tissues They performed numerous experiments such as 
bending rats’ tails and inserting them into abdominal cavities, thus increasing the 
temperature, and found that the red marrow was thereby increased in amount at 
the expense of the yellow Evidently the tissue fluid environment of developing 
blood cells must be maintained at a high temperature just as that of the testicle 
must be held at a low temperature m order to produce sperms (p. 322) 

Obt.am a humerus or femur or other long bone, .<=p]it it longitudinally and note the amount, 
color ami con^i'stcnm of the m.arrou Take out small amount^ of marrov and examine micro- 
scopically m a prchminan,- nay It is helpful for a few selected students to go to the clinic 
.and watch the roino\ai for diagnosis of bone marrow by sternal puncture Two cc. can be 
‘-erured ea'-ily by thi-^ tecliniquc which is sufiicieiit for many eincars (or impression prepara- 
tions) if tbev are made by the in^tnicton- One can be gn cn to each student dried in air for 
^laming !>> Wright s inethml and for examination; but if time penmts it is better to study 
marrow lell- frcdi m pin siological salt solution without an\ artificial coloring (Technique, 


( 49 ) 
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Identification of Cells —Recognition of cells, hich are sufficientK dilTerentiatcd 
to exhibit ‘specific properties is a simple matter \\ hen one begins T\ith those alrcadi 
&tu(iie<l in tlie blood \g‘iin the color blind students will be hindicnpped b\ diffi 
ciilt\ in distinguishing hemoglobin but tlie\ will at least be able to make out the 
cn/thron/lc^i and reticulocytes 'i\Te^d\ descnlied Great dnersit\ in size will be met 
with (Fig 28) 



( 
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Fir 2s llaiisi of >ar!ation in eizc «f bone marrow ccll« Almo t the whole figure n 
oceupieii ^ megnkan<>c’\U the nucleus of which is marked b^ a circular clear 
prrlm[M onmmlh a fluid Miuolc On the nglit laft ju\cni]c leucocj teand below and on the 
left a noniu 1 la t hnmi a mcar of normal bone marrow obtained b^ sternal from iH 
^ear old hniule tolorcd li\ H rights tarn and counterstamed bj Oiem^as X ISOO 
(Unt b\ Dr ( arl \ Mo. r< i 

\or>/iiJ/nrir (1 ig«. 21 28-30) arc slighth larger or about the size of 
rr\thrt>c\to Lull !>«>. c*>, i small usinlli spherical deepK staining nucleus iin 

lK-<ldttl in iMiipli til thirgixl with almost as much hemoglobin ns an cr^tlI^oc^te 

The color of tin i \topli m is hrmc\er slighth darker than that of an crjthrocN tc 
lilt oiil\ other ctlls of the s.une Mze or smaller tlian nonnohlasta in tlie smears arc 
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lymphocytes These, also, have spherical, deeply staining nuclei, but their cyto- 
plasm IS generally less in volume in relation to that of the nucleus and it does not 
contain hemoglobin Close examination may show that the nuclei of lymphocytes 
are colored slightly differently from those of normoblasts, being a little more 
purplish and less blue It is likelj^ that there will be more normoblasts than such 
small Ijnnphocytes; but this is not a good criterion for recognition because little 
islands of lymphocytes may occur especially m active red marrow of persons over 
forty years of age (Williams, R. J , 1939) 

ErytliTohlast^ (Fig 23) are distinctly larger than normoblasts Their nuclei are, 
as in the normoblasts, approximately spherical but they are much laiger and stain 
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I'lG 29 — Bone niairoM of same ‘specimen as figure 28 

less intenseiN Tlieir c\topl.ism colors differently, because less hemoglobin is 
jiresent and more basopliilic mateiial Those that differ least from the normoblasts, 
and in which there is considerable hemoglobin, are called “pol\ chromatic” because 
their cytoplasm stains several colors \ai\iiig from gray to lilac (G pnh/, many 4- 
(■hroma, color). The others, in which there is onl\ a trace of hemoglobin, are termed 
“basophilic” because their cUoplasm takes the basic component of the mixed stain 
vhich III this ease is blue Thc\ are less difl'crenfiatcd than the polvchromatic 
cr\ throblasLs 

Xrutmplnhf myrhniln (Figs 23, 29-31) are larger than the corresponding 
leueoe% tes contain Minilar granules and larger, ie-s lobated and less deeply staining 
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Fosinophhc myelocytes (Fig 23) similarU differ from the corresponding Ieuw>. 
c% tea being hrger and possessed of a less lobited and le'is intenseh stiming nuclei 
The\ nre less numerous tlnn the neutrophilic ones 

JRasopkthc7nveIocyfes (Tig 23)c^n,mthesame\M\ be distinguished from Kiso- 
philic leucoc% tes The\ nre the least numerous of the three 

But not nil mn elocj*tes differ from their Icucocn tes m the same degree On the 
contrnn n^hen mnn\ nre examined a step like series js found passing down from 
tlie Ieucoc\ tes to prinutn e cells den Old of specific granules m which 


Small 

ll/mphocyli 


■; 1 




2 Neuclcoc% topi I'lmie ritio mere ises 

3 Nucleus becomes more spliencnl 

4 Basophilia of IS topinsm increases and 

5 ‘Specific gramilcs decrease to the point of being just dctecUble 

*V)nu Jitmatologists would split hairs and dnidc the In^cIoc5lc3 of the 3 t^■p« 
into groujis iltperidiiig up<»n degree of differentiation Students need not at thu 
stage l)ecTp«tedto(If)M) Neithershniildthe% ime to flounder about in attempt 
to diitmgiiish among the pnmttire cells which contain no trace of hemoglobin oro 
spenficgnnules tlin cwhi<bgt\c ri etocn'th^ohhstsnndm^oIoc\trs respectnr)' 
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Precursors of myelocytes are commonly called myeloblasts (Fig. 23) Volumes 
have been written about them. An authoritative statement is that of 
(1938). It IS fortunately supplemented by excellent colored illustrations. These 
cells are of variable size, but their nuclei are always large in proportion to their 
cytoplasm In stained smears their nuclear membranes are extremely thin and 
indistinct The chromatin is finely divided and stains faintly Some of it may be 
condensed about the nucleoli of which several are usually seen. 



Ncuirophth 

myelocyte 



. Ncutrophtle 

' ~~~~ myelocyte 
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Fig 31 —Bone mairov of same specimen as figure 28. 


Xo difficulty will be experienced in the identification of megakaryocytes (Fig 27). 
'riiis term, being translated, means large nucleus cells and they are truly gigantic 
compared with all other cells present except the polykaiyocytes Their cytoplasm 
should lie examined for signs of the breaking off of platelets 

Polylaryocyics are giant cells possessed of many nuclei of fairly uniform size. 
They do not participate in blood cell formation (see p. 296). 

Since the smears vere purposely made from red bone marrow, it is improbable 
that many fat cells v ere included But marrow is more than blood Some capillary 
endothelial cells will be present, as veil as reticular cells, associated with fibers here 
.md elsewhere, vhicli some claim in this location to be the ultimate source of the 
granular leucocytes. In making the smear evcr\ thing is mixAd up together and 
in.iny cells are seriously injured. It i<5 not uncommon to find nuclei here and there 
from w Inch the c\ toplasm has been torn and w hich themseh es may be draw n out in 
strands 

Cell Lives.— So much for the easih obser\able properties of marrow cells con- 
terned in blood formation What F to be our mental picture of tlieir indbidual 
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Fovnophihc myeloajtea (Fig 23) simihrh differ from the coiTe<T)ondinp leuco- 
c\ tes being hrger ind possessed of a less lobated and less mtcnselj stninmg nuclei 
T]ie\ are le^s numerous than the neutrophilic ones 

Bdiopkihc viycJocijies {Tyg 23) can m the same a\ be distinguished frocu baso- 
philic leucocj tes The\ are the least numerous of the three 

But not all ma elocaics differ from tlieir leucoca tes in the same degree On the 
contrara aahen mana are e-ramincd a step-like series is found passing dowm from 
the leucocates to pnnutia e cells dcaoid of specific granules m aahich 




1 Cell sire mm i*>cs 

2 Neucleo<\topliMni< ratio increase^ 

3 Nucleus bmitnes more sphencal 

4 Baviplnlia of catoplasm increases and 

") Specific granules decrease to the point of being just iletcctiblc 
•^tne hematologists ^^ouh^ split hairs and diaide the maelocjtes of tlie 3 
into groups dtpending upon degree of differentiation Students need not at t i 

stage Iteexpctictltodovi Ntitlier should tiica hoae to flounder about m atteinp 

to distmgui h among tin priwitttr eelh tihich contain no trace of hemoglobin or o 

spcrifu gramilt-s tho c aaliit h giat nsctocra-throblasts and mjclocjtcs resperti'f” 
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Precursors of myelocytes are commonly called myeloblasts (Fig. 23). ^ olumes 
ha^ e been written about them An autboritative statement is that of Do^mey 
(1938) It is fortunately supplemented by excellent colored illustrations These 
cells are of variable size, but their nuclei are always large in proportion to their 
cytoplasm. In stained smears their nuclear membranes are extremely thin and 
indistinct The chromatin is finely divided and stains faintly. Some of it ma> be 
condensed about the nucleoli of which several are usually seen 

Jmcntle 
leucocyte 


Small 

lymphocyte 


A^cutrophile 

myelocyte 




Fig 31 —Bone marrov of same specimen as figure 28 


Xo difficulty will be experienced in the identification of mcgalaryocytcs (Fig. 27). 
This term, being translated, means large nucleus cells and they are truly gigantic 
compared with all other cells present except the polykaryocytes Their cytoplasm 
should be examined for signs of the breaking off of platelets. 

PnlyLaryocytcs arc giant cells possessed of many nuclei of fairly uniform size. 
They do not participate in blood cell formation (see p. 296). 

Since the smears were purposely made from red bone marrow, it is improbable 
thatman,\ fat cells were included But marrow is more than blood Some capillary 
endothelial cells will be present, as veil as reticular cells, associated with fibers here 
and elsewhere, which some claim in this location to be the ultimate source of the 
granular leucocyte^ In making the smear ever\ thing is mixtid up together and 
many cells are •^eriou'^ly injured It is not uncommon to find nuclei here and there 
from which the c\ toplasm has been torn and which themselves may be drawn out in 
Strands 

Cell Lives —So much for the e.isdj observable properties of marrow cells con- 
cerned in blood formation ^^hat is to be our mental picture of their indi\idual 
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lues’ Progression is orderh, generation after generation with daughter cells 
resulting from mitosis beginning at about the stage of differentiation achieved hi 
their parents and carrjing it a little farther bv developing a higher concentration 
of hemoglobin more specific granules or some other specialized feature Thi^ 
advance thev in turn pass on to their descendants when their own individual lives 
are terminated b\ mitosis The> are what are called diffirenhating inlemdohts 
Specialization finallv reaches its peak of usefulness in which postmitotic cells arc 
made readv to serv e These are remov ed from the scene w ithout offspring Obv h 
ousl} if the supplj of basic undifferentiated cells at the root of anv >!enes were to 
become exliausted that series would in a number of generations still unhnov'Ti 
differentiate itself out of existence These primitive root cells are de«igmtc<l 
regdatire xntermxiQiica ^^’hen thev multiply some of their daughter cells continue 
as vegetative intermitotics, while others placed a little differentlv perhaps start 
on the path of differentiation Onlv the continued production of such vegetative 
intermitotics makes possible the ottlerlv replacement of old cells bv new ones m 
manx parts of the bc^v It is particufarlx neccssarv for blood cells Ivccause of t!ie 
hazardous nature of their occupation Though the finishctl leucocv tes amf reds are 
incapable of division and cannot embark upon careers of malignancv tlie infer 
mitotic cells are able to do so if ndequatelv deranged It is to the antecedent cells 
of the leucocv tes and also of the Ivmphocv tes that we must look m efforts to 
cTphin the mjclogcnous and Kmphatic leukemias 

A simple calculation shows tint in the circulation the numerical ratio of granular 
leucocv tes to ervthrocvtes is aliout 1 800 This does not mean that for even 
leucocv tc formed in the bone marrow 800 ervthrocvtes are dev eloped, because the 
latter once supplietl remain longer in the circulation Tliev do not persist hon 
ever nnvthing like SOO times as long Conscquentlv onewouIdeTpectmoremarro" 
cells to be mv olv ed in the production of erv throev tes than of leucocv tes But the 
contrarv is tnie ^^^len onlv the differentiating intermitotics marked b\ the 
presence of some hemoglobin or of some specific granules are listed the ratio of 
leucocv te to erv throev te producers 13 npproximatclv 3 1 If, m the two groups the 
length of interraitotic life were the same one would anticipate in view of tins 3 1 
ratio 7o mitoses among the whites to 2o among the reds But lapa (1912) found 
that this IS not the case Ills counts show approximatclv 4 j whites in mitosis and 
"5 rolls m each 100 Therefore it appears* that the rcrls are multiplv mg more npidl' 
than the whites and that their intcrmitotic lives are sliorter 

Nomencal Increase —To read the messages transmitted from blood to l)one 
marrow demanding more cells of either sort to keep tlic number m the cirnilation 
up to nonnal is bevond us "Mamtcnance of cell number w not peculiar to the 
blood It IS a property of all replicable tissues Thus along the respiratory 
digestive and uruiogtnital tracts the numlicrof cells making up the epithelial Iininp 
13 held fnirlv constTiit Lo'>& of an unusual number from the surface is made goo* 
bv the prcKliiction of a larger crop of new ones bv the deep!' situated vegetative 
intermitotics oventuaUv to take tlunr places Both in these situations and m thf 
Imne marrow rate of multiplication prol»ahl> increases m response to some change 
in the inmiednte c nv ironmciit Snee vegetative intennitotics and differentiating 
neutrophilic eosinophilic and basophihcmtcrmitoticsnre cIo«tIv packed togctlier d 
IS unlikitv tint tlie change embraces onlv the cells productive of granular leufc* 
cvtcs of a <ingli calc^gtirv ^ct the neutmphilcs mav iiicrei^c in the circulation 
mdeiicndenth of the eo mophiles and nee rrr« RcKpon^ivcness or lack of it t" 
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an environmental change may make all the difference Obviously, however, 
increase in number of any particular sort of cell in the peripheral blood stream may 
be occasioned by a temporary increase in discharge while some of them are im- 
mature from bone marrow, the rate of production in the marrow remaining about 
the same Another possibility is that, though the total number in the circulation 
may not be increased, the number in the peripheral blood is increased in consequence 
of a redistribution whereby they are washed out from deeper channels in \\hich tliey 
may be normally more numerous The sudden increase in eosinophiles within two 
and one-quarter minutes (p 28) may be a case in point 

Differential Counts. — In practice it may be worth while to try to discover in the 
bone marrow the reason for unusual conditions observed in the blood Search 
then is made for abnormal looking cells in the bone marrow and for disturbances 
m the relative number of cells of diffeient types The making of differential counts 
of marrow cells is a comparatively new development in hematology. But there is a 
good deal of confusion because some of tlie kinds recognized are not sharp and 
distinct but grade one into the other A useful summary of the reasults of counts 
of normal marrow cells made.by manj' investigators is provided bj'- Plum (1941) 

SUMMARY 

The myeloid seiies consists of granular leucocytes, erythrocytes and the cells 
leading up to them which aie formed m the bone.marrow. Bone marrow is of 2 
kinds, red and yellow. The first is a blood producer and the second is a fatty tissue 
that occupies the extra space within the bones Red marrow cannot expand quickly 
like a gland. It can only extend slowly at the expense of yellow marrow. ^^Tien it 
decreases in volume yellow mairow takes its place The best clues to identification 
of the differentiating cells are hemoglobin, neutrophilic, eosinophilic and basophilic 
granules 

Normoblasts are about the same size as erythrocytes. Each contains a small, 
deeply staining nucleus and much hemoglobin ErythrohJasts are larger, have less 
intensely staining nuclei and less cytoplasm Myelocytes of the 3 varieties are larger 
than tlie coriesponding leucocytes and have less deeply staining and less rounded 
nuclei Their specific granules, like the hemoglobin of the erythroblasts, may be 
present in amounts barely discernible. Each exlnbits a large neucleocytoplasmic 
ratio and slightly basophilic cytoplasm Primitive cells which have no hemoglobin 
and no specific granules arc difficult to identify except by these negative character- 
istics. It is the intermitotic cells that are subject to the cancerous transformation 
Mcgalaryocytes (large nuclei cells) recognizable by their size are apparently the 
source of platelets Polylaryocytes (many nuclei cells) take no definite part in 
blood formation. 
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BLOOD m:ssels 

Till s f ir the most cisiU eximmed of cells ha\ e been descnbed— tliose of the 
blood Brief mention Ins been made of the tissues in ■nhich blood cells originate 
and to ^^lllch «!oine later maj return for othcnMse the account \\oul(l be artificial 
limited onh to segments of their In es It is neccssarj non more form illv to intro 
(luce tlie tissues 



lie 32— Grajih illu tratinj; oine of the clianpcs in fctnicture (Wow) and function 
(al o\c) of cl-* in the direction of blood flow from ^cnt^cIe toaiincle 


l)!<K)d IS SOUK tunes spoken of as ii arciil iting tissue J In'* h not goi'd f^^"" ^"1 
tm\ lit misleailinp l*ht won! tissue w iinnutlnttK derisitl fnnn tlic lirmi 
fextili filiric nnil iiltiimlcK from the I^tin irrare to weave I se<l nis o- 
loginliv t(^s IK di notes n f.niup of tells with intervening tissue fluid atu a"' 
(^) \ 
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products they may form, the whole constituting a definite structure The con- 
nective tissues are of particular interest to us now. They are made up of cells, 
tissue fluid and fibers produced under the influence of certain of the cells (fibro- 
blasts and/or reticular cells). The fibers are arranged singly and in bundles and 
wind in and out between the cells In “loose” connective tissue there is a good 
deal of fluid, in fibrous connective tissue the fibers predominate, m fatty tissue, the 
cells become greatly distended with fat and the fibers are inconspicuous; while m 
bone and cartilage the tissue fluid becomes solid Kjiowledge concerning the con- 
nective tissues should be cumulative as each is examined in its own environment 
The blood in its journey from the heart to the tissues and back again passes 
through vessels of 6 principal kinds which gradually merge one into the other 
Some features in their changing form and function are indicated graphically in 
figure 32. 



Inhma 


Media 


Adventitia 


Fig 33 — Aorta, nineteen jeai old female Motor accident, antop'^y ti\ehe hours after 
death FonnaUn-Zcnkei fixation X 04 Section on left stained for elastic fibers nhich are 
aiiundant in intiina and media Section on right stained by Van Gicson’s method for col- 
lagenic fiber'- wliicli are mo-t mnneions m the adventitia (Dept Pathologj, Wnshington 
Unocrsitv, Xo 10241, lis‘.ue giien by Di .John A Saxton, Jr ) 

Elastic Arteries —Blood is forced by ventricular contractions at high pressure 
into the aorta and pulmonarv artciy. These two. together with the innominate, 
Mibclax laiis and proximal parts of the common carotids arc known as elastic arteries. 
'Die full force of the heart’s beat is not immediatelx transmitted to the smaller, 
more distant arteries as would be the case ncre the el.istic arteries rigid tubes 
Instead the\ exjiaml. part of the force is conxerted into jiressure vhich is released 
slonh Mhile the \ entriclcs an- at re-t (diastole) During this period blood is forced 
onward by the recoil of the stretched elastic ti-sne in their walls Elastic arteries 
therefore sene as shock abvorbers cninerting a prc.ssure, which otherwise would be 
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mtermittent, into one whicli though stilHining reguhrlv in inten^itj isnexerthe- 
Icsi continuous A good description of mechanical factors in the cirailation b 
puen h\ Price and a‘>'5ocHti.s (1942) 









Anlenor Ccribral Rndim rcnoa* 

Fig 3t — IlKitoinurcipraphs of nails of clastic and muscular artcncs of * ^1* 

Macanis rliC'ii'* monki > alwut fifteen jeais old The elastic tissue n as colored dar pufT^ 
in the wlioiis Jn tainmg with re««rnn fuch in hut, m the upper 3 figures not a ® ^ 

ad>entitis i* incliicled >otc enmparatne Ihickne*. arrangement and amount o c 
ti uc X 1-10 

I ipure 33 slmw-, ntiplilKinnp scttioiis of m «ort i st lined for cl istic fihon 

and colhpiiiK fiU r* (riplii) 1 \ identlj clastic fihtrs arc concentratcil m t ie 

imicniio't laxtr (intiin i) md ni the thick middlt laicr (media) whereas t le 
1 ipetiic filM.rN notisl f< r ilu ir Un ik stnngth are ahiindmt in the outer i' 

(aditntitia) nib litter is applied to the other and is in o sense foreign 

odrerfinttr foreign) lleticc tlie name 
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Winternitz and his associates (1938) have observed that human aortas with 
adventitias intact can be distended only to a sharply limited extent but that, after 
incision of the adventitia, dilatation with rupture of the remaining elements^ is 
easily brought about. In other experiments they subjected extirpated dogs’ carotids 
to an internal pressure of 2500 mm of mercurj' with slight or no increase in diameter 
over that resulting from relatively low pressure of 250 to 300 mm Incision of 
adventitia was followed by rupture even at low pressures 

In an automobile tire, the inner tube (intima + media) is restrained from undue 
expansion by the tire casing (adventitia) The casing is not elastic like the inner 
tube but it is stronger because woven in its fabric is material of great tensile strength 
as the adventitia has collagenic fibers One wonders whether, in the dilatations 
occasionally encountered in elastic arteries, ageing or failure of collagenic fibers of 
the adventitia, and also perhaps of the media, may not be a factor worthy of con- 
sideration as well as the change in the elastic fibers so often mentioned. 

Figure 31 illustrates the fact that precise limitation between the layers is not so 
easilv made in elastic arteries as in muscular ones (anterior cerebral, radial, femoral) 
This is because the internal and external elastic membranes do not stand out so 
sharply in the former owing to the large proportion of elastic tissue in the media. 

The iniima of the aorta consists of the lining endothelium, plus a thin layer of 
subendothehal connective tissue in which there may be a few muscle fibers, and the 
internal elastic membrane. The media is external to this membrane and includes 
the external elastic membrane. In addition to the elastic fibers, it contains some 
collagenic fibers and muscle as well as tiny blood vessels to keep the muscle alive 
and nerve fibers to activate it, and, of course, fibroblasts, since new fibers are 
occasionally formed. The adrentitia grades oft into the surrounding loose connective 
tissue Through it vessels and nerves enter the media Xo concept of the archi- 
tecture of the wall of an elastic artery is at all adequate if obtained only from the 
study of sections 

Obtain a fresli human thoracic aorta from an autopsy' Open it longitudmalh' and 
demonstrate features of the smooth inner endothelial surface and of the outer adventitial 
•surface Remove 2 piece'; Place 1 in glycenn and the other in 10 per cent formalin for 
t^ enty-four liours Dmde the ro^t of the aorta in segments, about 3 cm long, and give to 
"electerl students for dissection (Technique, p 24). 

Pin the segment doiMi and examine microscopically smears of scrapmgs of its internal 
‘'iirfacc for endothelial celF. Turn over specimen, cut away email pieces of adventitia, 
‘'trctch out on elides .and e\.aniine unstained for tiny blood x easels, nerve fibers, elastic and 
collagenic fibers and the fibroblasts that arc concerned with their formation. The elastic 
fibers .arc fen in number, thin and fairly highly rcfractile, nhile the collagenic fibers are verj- 
mnnerous, thicker, tend to split and six ell when a little o per cent aq acetic acid is added 
('-ee }) 272). 

Seiiaralc adx entitia from media Note first its great ten-ile strength due to the abundance 
of collagenic fibers and when ob'cncd a« a sheet of twsiie at low magnification, the large 
mmihcr of '•m.all blowl xcs^el'; in it Thc=e are the in^a the xcs=els of the xcs'ols on 

which the xitalih of the aorta chiefly depends ’ 

Rcmme small pieces of media Note that it xellowcr than the adventitia owing to the 
ainmdance of xdlow elastic fibers .\ttenipt to separate the fibers on a slide, examine micro- 
-(opicallv .and idcntih elastic fiber- collagenic fibers and miooth mu';clc fiber- (not pre-'cnt 
m pihentitia). ' 

.Ulcr twentx-four hour- o'eimnc the =pc(.inicn': treated xxath glx-cerin and fonnahn 
I hn fir-t 1 - rcndcr.al mute tran-luc^'nt .and clo-e «tud\ shu" - manx details not x i-ible m the 
formalin control 
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Muscular Arteries —Blood j,ushes into tliem at a slightK reduced pressure and 
at a speed ashich is af«o reduetd because the combined cross sectional area of a 
great mans muscular arteries taken together is greater than that of a few ela'tic 
\essels 'Muscularartenesarealsotirnicd distributing arteries since tlin conduct 
the blood often oaer long distances to \iherc it is needed Tlte muscle in their 
walla Is often arranged m remarkable spirals (Fig 30) as described in a fine piece of 
work ba Strong (1938) Some consequences of the high proportion of muscle are 



Flc 3j — Pn-pantions pliowang calcium deposition jn the media of an j'’'® ' , ,i 

■I, Aorta (eaccutwl negro aged thirt> fiae jears) fixed in Zenker 8 fluid and stain 
hematoxalin and eo'-in Coloration avilh heoiato’olm unusually mtcnvc owi^ 
cium accuintil ition X "X) B ^ainc, fixed in formalin alcohol incinerated and 
the dark field x ^0 (I’hotoroicrographs by Gordon II Scott ) 

(1) In the nmsciilar artene^ (I ig 34) the internal elastic mcniorane 
fohfeil tlian in the el istic ones Gnllotv i\ (193()) lias made an in\e tigation o _ 
formation m line arttni*s whuli ore of the muscular \anet\ Ih discoierw 
it H greatK incrcasol In iigonil coiitriction of the smooth muscle at t ic . 
dc-ith or whin the pitri is cxci «! Figure 37 shows the folds usualh scin \ 
and the smooth inicnnl Mirf iic of a similar artcri relaxed with jiotassium su p ^ 
isnmde an<l di tiii<l«l In Mttolic pre>»sure (right) Decrease in Icngt i ® . 

f ictor to I>c con nlerttl m fold formation IIcs>se (192(0 measureil the urteri'i 
in jihifrom thi licgmiungof tin suliclaMan to the distal end of raihil y 

thataftir remo\a! m \ouiig jicrsoiis the decrease ainountcfl to 40 per cent ' 
comminlixl on In Bell (I‘J kl) whu«e account will be found u^eful 
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Extreme cases of the same phenomena are described m the literature under the 
heading of “traumatic arterial spasm ” The walls of muscular arteries can contract 
so strongly that pulsation is not felt distallj', or, in case the artery is cut, little if 
any blood escapes (see Arey, 1936, and Cohen, 1940-41). This feat of closure 
could not be performed by an elastic artery. 



Fig 36 — Spiial strand of muscle obtained by stretching the maceiated media of a branch 
of a cerebial aiterj' of an adult. X 8 (Stiong, coiiitesy of Anat Rec ) 

(2) Muscular arteries are also more vital in their ability to rise to the occasion 
and deliver the goods on demand (Fig 38) Elastic arteries are usually the only 
eft’ective means of supply to large areas They are not paralleled by others of the 



Fm .37 -E 
lion while 


Conhnclcfl Dihtcfl. 

(Tcct on structure of arton-il wall of contraction on rcinoxal from bodv and diia- 
carrying blood stream (Redraw n from Gallow ay, tourte^y of Am. .1 Path ) 


sune sort Not v, the muscilar arteries are often so arranced that, w hen one 
IS bloeked. bloofl c.in in- rerouted rw a cnllatr-ral. In such eases the museular 
arteno, called into heaii duty, enlarge many times An outstanding exaninle is 
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the uterine “irterj Inch prow s w jth the need for more blood ns prcpn inc\ aih nncrs 
After prcpmnc\ it decrenses in size adjusting itself to the \oIuiue of blood nceiltd 
This w ould be an impossible tnsk for an elastic nrter\ held ns it is w ithm bounds In a 
strong restrnming ad\entitin 



Bodij^ liohtction I n area oj infection and Codnyt Recotcry injeclmn ^itapproral 
in extent oJ ehroHiealhj enlarged tesseh teisels again norii I 

I IG as —Shows rractmn to infection of blood ies«cls m a chamber at the tioiM 
rated in«crtp<l into a ratilnts enr X about 82 (Modified from Clark E H and 


cou^tc<^ of Am J tnat ) 


(3) It is nioreoMr tin muse til ir nrtcncs tint enn best ^eco^or from woum ^ 
npurt3'>illu tritfs st in the joining of an nrtirj at thepoint where it la** 

(4) ‘'inn tiK\ hiM nlitivelt ««o much more mU'cle muscular arteries age 
chfTertntK from lU tn i>nt*> Jlie muscle ntrophira as in most other *****^^**"” 
throujliout till Ixsh 1 h }( netli of sen ice of cinstie arteries depends chu j o 
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:he inherited quality of the elastic colloid and on the changing character of the 
;issue fluid environment in which it ages (Fig 40) On the ageing of elastic tissue 

see Hass (1942). 



6 days Sevo ed ends have joined at B 11 days. Artery healed and sinooth. 
bend 




IS days. Both foils of atlciy sliongly con- 81 days Right foil contracted; left 
Irnclcd dilated 

Fig 39 — Show*' healing and complete recovery of au artery severed when a chamber 
w as inserted in a rabbit’s ear The artery is the right fork of a vessel appearing to enter the 
cliamber from aboic and is marked A. The time after cutting it is given and the location 
of the cut IS marked B. X 6 5 (From Clark, E R and E L , courtesy of Am J. Anat ) 


iHan.\ other differential features iniglit be mentioned but the dictates of available 
s|)ace in this book forbid Sufficient lias been said to indicate that the distinction 
111 form and function between elastic and muscular arteries is definite, but the point 
where a particular \ esscl changes from clastic to muscular, as one passes away from 
the heart, may not be clearly defined Sometimes the transition is marked by a 
'■omewliat irregular increase in muscle of the media, and by other jiroperties, in 
w Inch ca'^e the tr.insitional jiortion is •'aid to be of the mixed ti^ie 

Artenoles.— Then' are “little arteries'’ and the blood enters them at still further 
reduced pressure and more ^low 1\ (refer back to Fig -32) Their diameter in sections 
of fixed tissues is gn en by various author.s as from 2,')to30n;i But this upjier limit is 
probabli too high. It is well to restrict the term to small arteries which are invisible 
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to tlie n iketl t\t A%hich ^^ould phce their miximum dimieter it about UOn ThTw 
t%pic'il nrttnoles ire show n m figure 41 Distinctiv e properties relate more to the 
cliancter of the wall than to size The ratio of thickness of wall to diameter of 
lumen is about 1 2 There is reHtudj more muscle than m am other segment of 
the circulation In addition to the large complement of medial muscle thej po'.iess 
a little collagemc and elastic tissue cbiefij m the ad\entitia The media often 
iindcrgoeshipertropha and it becomes necessarj togaugethedegreeofehangefrom 
normal In so doing the figures supplied b\ Kernohan Anderson and Xeith 
and b\ Biker (1941) will be helpful Other useful illustrations are pro\ided h\ 
BenmngliofT (1930) who gnes the chssificition of arteries preiailing m Furope 
W ith decreasing size the term arteriole is justified ns long as the little arter\ ednhits 
i complete 1 n er of t\*pical, fusiform smooth muscle cells (I ig 42) 



Fic -in — *^tions of ortcrj waUs from indiaiduals at different ages /Ml are 618100 
with Hart** modification of 'Wcigcrts elastic tb*ue staui A \ertebral artery fmm w 
infant of fifteen da\-s No splitting of the lamina clastica interna is seen X 
\ crtolinl artrr> from a child ageil thirteen jears the lamina clastica interna is split into 
two h>crs at one point X 200 C, Median cerebral arterj from an adult aged thirt) two 
jean there w marked multiplication of the lamina clastica interna X 200 D 
cercbnl arterj from a man ageii fiftj j cars showine the highest grade of splitting up of 
ck tic lamina X 2<J0 (Uedrawn and modified from Hackel ^ irchow s Arch ) 

\rt(nolt“> octupi n *>tritcgic position in the circuhtion between the muscular 
nrtencs on the one h mil and the capillar\ bed on the other Tlicir function w 
propirh fodebur liliwd ti* the cnpillancs Thu, is supplied in continuous streams 
for the o c ill itinns m prp*'Mirc nnd speed consequent upon the ^ entncular contraC" 
tions liiM been imnoil out Because of their highh muscuHr walls tlicir girt i 
\cn diriTtU nndcompUtcK imderncnouscontrol B\ constriction all blood 
mg thmugli thun c~m Ir hm off B\ relaxation tlicir liimina dihte under tW 
head of prt*' ure in the inuxuHr irtenes arul more blood is permitted ^ 

through Ixactli how lasoihlator ner\e fibers act IS unknown Presumablj « 
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Mib-^tance is released in the muscle which decreases its tnn»«, * ,> . 

extension) and leads to an unusual degree of relaxation 9ilr 
Inppen ,^,th,n „ fe, seconds ns .n bltXTg ConsC.on when "" 

,csd .nccesscd nCecn. blood p„.„„ bf 

floM of blood pumped into the chitie 



■jlrlmole 


arteries bj the heart Sinnlarh’su^ler 
wholesale relaxation can produce (^^ 
crease m blood pressure and «liocl b\ 
decreasing peripheral resistance «o that 
much blood spills into the capillaia M 
whence it \er> quickh passes into the 
\ ems w hicb can accommodate a lot of it 


PftMpittafy An excellent demonstration of artenolej 
iR action IS gnen bj a motion picture fib 
entitled “The Control of Small Blood 
Arffrtal * by Drs George P Fulton and Brentoa 

eaptllanti R Lutz of the Dept of Biology, Boston 
University 


Rougtt etO 


Capillaries —Blood is pushed into 
the capillaries at such low pressure that 
the walls of its nivTiad streams no 
longer require organized meolunical 
support and consist onli of a single 
lav cr of flattened tmlothclial cells llie 
onh reinforcement provided consbtsof 
(1) tt few scattered smooth muscle cell 
which partly encircle the precapillanes 
and postcapillanes (Fig 42) and (2) of 
occasional 'pencjtes whose manj pro- 
cesses maj be WTapped about the capfl 
*rMar,mry linebCTig 43) Among the latltr «rt 
some contractile elements known 
Itouget Cells Great stretches of thf 
capiUarj bed are wathout cells of citlirr 
sort Krogh has calculated that the 
Surface of exchange of all capillaries be- 
tween blood and surroundingtissue fluid 
IS about 0300 sq meters Since the 
combined cross sectional area of tlie« 
countless capillaries is reliably stated to 

, be Bpproxunatelj SOO times the cross cc- 

tionai area of the blood stream at the aortic level it follows that the rate of bl«d 
now ij slovveif do^n so that time is given for the exchange But the whole surface 
IS se ( om u^j at anv one time During rest of a tissue fewer capillaries arc cam 
' r ^ 'be height of functional activitv as Krogh showed for musdr 
me \ oiuine of blood circulating in anv capillarj bed depends for the most part uF" 
ic amount entering In the arterioles and that leav ing bj the v emiles Tlie in 
uin^ o active changes in girth of tlie capillanes themselves is uncertain B' 
trie ueiicate technique of micromanipulation Zweifach (1934 1930) has obseneJ 


hn ■12 Diagram of transition from an 
arltriolc to a venule 
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that the endothelial walls respond by slow contraction to direct mechanical stimu • 
lation and by dilation from the contracted state when a widespread and gentle 
mechanical stimulus is applied throughout their length. If possible lus moving 
picture film, “Micromampulation Studies on Blood Capillaries,’ should be demon- 
strated. In a later paper (1939) he expressed the opinion that normally the 
changes in capillary diameter which occur are slovs and passh e 



Fig ‘l.S —.1 .nnd B Post capillary pericytes from 15 microns thick venula; rectsc of a 
fortj -three year old man Cand />samc from 10 microns and 16.7 microns thick veins of 
the heart of a young cat X 3500 (Zimmermann, Zeit f. Anat , 1923; courtesy of Julius 
Springer ) 


Xer\ c fibers are often closely associated with capillaries Stohr’s (1926) illustra- 
tions of fibers said to end (or begin) nithin the substance of endothelial cells will 
repay stud> Employing a non technique which permits better visualization of 
oapiilarie.s in rabbit eai chambers Sandens. Eiiert and Florey (1910) ha\c observed 
rainllnry contraction to follow s\mpathctic stimulation The luniina are occluded 
In a swelling of the endothelial cells Any increase in thickness of the svall pre- 
sumably decreases permeability just as dilatation and thinning, whether from 
increased intraca])illar\ pressure or from relaxation of the wall, increases per- 
meability. Ix'akage along the line.s of contact between endothelial cells is appar- 
enlK greater than that through the cell bodies (Chambers and Zweifach, 1940). 
E\ idenee is acrumulating that adequate amounts of \ itamin P arc essential for the 



cs 


BLOOD 1 ESSELS 


rnimtemnce of nomnl cnpilhrs permeibilit> (Ripaport and Klein 1&41) Capd 
hrj V, alls are the most ^ itnl segment of the circulation because the\ are made tp 
sole!' oflningcells New capilhriescmdeaelopaslongastliebodv lues Conwilt 
re\iev. of literature b\ Ilertzman (1942) 

Venules — As the blood still backed bj pressure from the heart passes into the 
\enules the speed of flow increases as the combined cross sectional area decreases 
(Fig 32) Witli increase in size the aenules acquu'c more muscle and collagcnic 
and elastic fibers but thiir walls ire ne\er as thick as those of the corresponding 
arterioles (Fig 44) 



Fta 4-J — \rtenole and aenulc from same «j>ec»nen as figure 41 


Ix'ucocatcs can iiio\e out when needed To this end the lining endotheliun' 
undergoes changes in phssical consistenca or stickiness which hnae been direct!' 
ohscra cd in h\ ing animals h\ the Cl irks (I93o) Tliej recognize six phases repre- 
sented schcmaticilh in figure 45 In the first the leucocates pass Ia frcclj 
blood stream In the seconil and third tliea stick to the wall but do not penetrate 
through It In the fourth the\ emigrate and in the fifth red cells escape ® 
this point rcco\ er\ is possible In re\ crsion to the preceding phases ns indicated £>' 
the arrows pointing upward In the sixth phase there is disintegration of theendiv 
thehum and ri“cnicr% is no longer possible Penetration of Icucocjtes tlirou? 
capillarv walla is also a simple matter , , 

Rous and his collaboritors base described a gradient m permeahilit' wnic 
increases progrc^si\el\ from arterial to \cnous capillar' but is greatest m the 
'cnules at nn\ rate in the skm of the mice experimented upon 'Smith and non 
1031) Tluir meisiire of pcnneabilit' was the escape of d'cs o different di u-i 
hilit' higurc 40 slinws how a few minutes nfter intra'cnous injection the 
Chicago blue colors the tiNsiie about the xcnulcs but not that supplied b) capi 
lanes The aulliors contend that such expenments with d'cs indicate that a simi i 
gradient in fiermpiljilit' obtains for other kinds of substances hut do not supp 
proof 

\Micrc 'tmilcs (httli 'cms) end and the 'cins proper begin is ns 
liefinc a the ixiiijt of transition between muscul ir arteries and artirioles ^ 
\«ii< u 't-<^l attpm a si?cat wliitli it is Msible to tlie naked e'e tn riro it »nou 
l»e rilled a vein 
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Veins.— In general in the transition from venules to ^ems, as they approach the 
right auricle, three major changes take place (1) The combined cross sectional 
area decreases so tliat speed of blood flow increases (2) the blood pressure decreases, 
partly as distance from the ventricular contractions increases (3) The --'isa vasorum 



Norwnl — no Icncoajie sliding 


Temporary {few second^;) 
leucocyte dtcling 





Pwlonged {many ‘^ccond‘!) 
leucoeyle sticKiug 
Xo emigration. 



more prolonged ,<!ticking of 
leucocyte.^ with emigration. 


Localized escape of crythro- 
cytr’< — collapse or bulging of 
cndothelmm 


I to 4.}.~Dia;u‘amin‘\tic roprc-cntatinn of di.angc^ in cond^tcncy of v.-i^cular cndothelmm 
(Clark. E II and E L . courtesy of Am ,T Anat ) 


UK rea'-c in number ami <^170 with the thickness of the wall to be nourished from the 
a<l\ entitial arteriolo because on!\ \ cnmis blood is carried in the Imnina (Exarnine 
in tills eonmv turn Short (1910] .iceoiint of nusi \a<oniin of the femora! ^ei^ ) 

^^ hile the arteri.il iilmul flowinc to all the tissues ha^ enjojied a tommon experi- 
eiKc in the hmcs. the xenou'^ blond comes from capillary bed's of great xarien and 
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for this rei‘!on is far from uniform m composition Since blood pressure of \cntnc* 
uHr origin is lorser m them than m artenes thc^ nTe more subject to differences m 
pms Its pressure An instructn e centrist m structuril ndiptitions is nffordd h\ 
the coromi^ ^ eins of the heart and the a eins Tvhich caiT\ blood from the foot to the 




fic t” ~'abe in faphenous icio (from Edwards and Ed«ard< courtc<yofAm Ilra^ 
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right auricle In the first the force of gravity is not a factor demanding compensa- 
tion and the distance is short, in the second gravity is a potent deterrent to blood 
flow and the distance is long. 

Heller’s (1942) paper, on circulation in normal and varicose veins, merits careful 
reading. Briefly stated the circulation time from foot to throat is as much as six 
times slower when the body is vertical than when it is horizontal and the time is very 
greatly reduced, when m the vertical position, by movement of the leg Two 
structural mechanism help the venous return The first is the development of 
valves in the veins so that, when the column of blood is shifted, it can only move 
upward (see Fig 47) . The second is the anatomical relationship of muscles to veins 
By their contraction the soleus and gastrocnemius muscles, particularly, and the 
muscles of the abdominal wall, press on the veins which became engorged with 
blood when the muscles were relaxed. 

Special Adaptations.— This general correlation of form and function in the 6 
principal tj^ies of blood vessels just skims the surface Each and every vessel is an 
individual conditioned by heredity and shaped by environment’s specific demands. 

Williams (1933) gives a digest of evidence from identical twins. Reference here 
is made to only one pair "For forty years these two women lived amid very differ- 
ent sets of environmental influences One had occupied herself with factory and 
farm work The other had directed the affairs of a quiet, urban household At the 
age of sixty-six, the first developed a systolic blood pressure of 175 to 178. Almost 
simultaneously the other’s pressure rose to 175 to 182. A little over two years 
later, their symptoms disappeared and their pressures fell to 140 mm and 130 mm 
respectively ” The hereditary endowment being equal, the blood vessels involved 
m hjqiertension, underwent similar changes 

The strain placed on individual vessels, by the service demanded and the 
environment in which they live, is far from uniform One factor productive of 
diversity is distance Where tlie circuit from ventricle to auricle is long (extrem- 
ities) and slioit (coronary circulation) the blood pressure and speed must be damp- 
ened doun to about the same degree for the capillary bed to function and differ- 
ences are to be expected in some at least of the types of I'essels ini'oh'ed Thus, tlie 
intimal and medial changes in radial arteries at sixty-five years are not further 
advanced than in coronary arteries at twenty years (Cohn, 1942) To put it dif-- 
ferently, the coronaries sufi'cr far more in the line of duty Another factor is con- 
stancy of ser^ ice The cerebral artei ies supply a tissue the volume of which remains 
fairly constant, the uterine arteries supply an organ which changes in size enor- 
inouslN with each pregnancy. Their walls are therefore of very difi'erent structure. 
The coiled arteries of the uterine mucosa (p. 357) and the helicine arteries of the 
penis (p 334) have special duties to perform. 

E\en for the same artery the mechanical problems, which appear at first view 
to be similar, are sometimes solved in dificrent wa.-ss by different species In the 
human pulmonary artery the muscle fibers are circular, oblique and longitudinal; in 
the guinea pig and ox, spiral, while in the cat there are 2 labels, inner circular and 
outer longitudinal 

In some regions the blond gushes directly from arteries into veins by arferio- 
1 < nmn amshmo.scs entirely sidestepping the capillaries These short cuts are found 
by Gnint and Bland (1930) to be particularly numerous in the palms of the hands, 
the soles of the feel and the ends of the digits, where their aierage diameter is 3.5 
microns 'J'hev are apparently absent in the lobe of the car It may be, as the 
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luthors sa'. that vcn spccnl deminds "ire nnde on the Hood %asculir s\stera tn 
tlie extremities A\hich nre further removed than the ears to protect against cold 
Artenox enous amstomoses are houcxer kno^n to exist m other parts of the bod\ 
m ohich the regulation of tempemture would not appear to be their pnman 
function as for example m simpathetic ganglia (Nomdez 1042), in theglonua 
COCCI geum and m association with the Pacini in corpuscles \ renew of the liter 
aturt on glomus and glomus 'tumors, is supplie<! bv Ottlea (1041-^2) The caicr 
noil'? spaces of the penis clitoris and nasil tunica'propna are arterio\ enoiis anisto- 
mo<;es concerned with erection (p 3o7) 



Fic -IS -Tline ucce «i\e camera lucida drawings of tht aame group of 
ana from a table pcrfonced tiosue chamber installed in ear Jul) 2S, 1931 

first ►ketch (November II) «hows original groupof four A 8 (Nos 12 3 „ 

of fame arterv present since operation (three and otie*half months previoiisb) ia ' 

22 (seven inontii after oprntion) three odditional A \ A s have appeared— bos ‘ 
both branches from the original arterj and No 5 from another artery beneath ‘ 

Mar 30 (ten months after operation) another nevr A ^ A (No C) ariiing fro'^ V F II 
arterj has appeared All others of original group still present X 79 (fromLlaric, 
and E L courtesj of J Anat ) 

Mnnv details in the new fonnation and behavior of individual artenoveno^ 
anastomn«ea directlv ohser\c<i m the living nmmal over long periods of 
supplied b\ the ( larLs (1034a) I igure 48 gives n dvTiamic conception o 
peculiar vrs cIs bv sliowing how thev develop and flood the veins with a f 
hlootl 

Atvpical capillaries are found in manv tissues and organs ^ 

turcs of the blo«Hl stre ini on one swlc and of their particular ti'ssiie flui 
ments on tin otjicr «Icspiti the fact tliat the tissue fluid mav be prc'cnt in 
•mall arrouiits as to ipe notice Some spcci il adaptations arc illustrat 
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grammaticallv in figure 49 (A) The intervening vessels between an arteriole and 

a venule are usually all capillaries (B) But the capillaries near the venous over- 
flow may become enlarged and sinusoidal as in the reticular layer of the adrenal 
cortex (C) Capillaiies may be completely dispensed with and the blood surge 
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Aitcnole 

Arlcnj 
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cainlhiru '■ 

capilhini't 
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I'lG !9 — Diaizram of types of cajallarj’ and sinusoidal connection A Aitcnole bieaks 
np into ca])illai ics, vliicli forms a network, gnes blood from other capillaiy beds and is 
drained by a \eniile B An aitcnole in the adrenal gives use to capillaiies which become 
dilated and Miuisoidal and run togcthci into a venule C A short cut, or aiteno%enous 
airvtoniosis, in which a branch from an arteiw communicates diiectly with a ^em D An 
aiteiiole fonns o\cretoiw' capillaiv loops m a leiial coipiiscle, unites again, breaks up again 
into mitritne capIllar^ network which is finally drained by a ^enule E Branch of jioital 
\ein diMde^ within portal canal Fiom one side a system of smusoids springs which cm lies 
till- \eiious blood to the eential aeiii a branch of the heimtie The sj^tem lecenes a little 
arteird blood through true capillaiies and the cential \ein lecencd additional \cnous blood 
Iron! jiuital bianehe-' on other Mdc- 


(hrc(tl\ fiom an artcr\ into a \cin In an arterkn cnous anastomosis (D) In the 
kidney tliere are two -ets of caiiillarics- the first, in the renal glomeruli, is entirely 
arterial ami designed for cxeietion. the second, m the nitertubular tiSMie iilaas the 
urdniar\ part of ti-Mie noiirislnnent (El In the luer wide capillaries, termed 
sniUMiidv, are jikued in the \enons jHirtal blood stream. 'J'hey leeene howe\er 
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«iinll tttntnbiitioiis of blood from nutntue cnpill irjoj. formal 1 m bniiclics of tin 
licpatic nrtcr\ it the penpben of the lobules 

^^IHIlcs nre pnibabh finch *idjustcd in -in indnidunl \n\ to the cmtct pir 
formed but it is m the Anns thit the most imrhcd indnidiuliU is nppwnt 
Vmong %cins cntirth de\oid of smooth muscle m their 'riIU Jhximow «md l}!<ton 
(1042) list those of the spmilpn mater of therctma the similes of the dun nnfoi 
and the tnbcciil'C of the spleen Muscle ubtn present mi\ he irniiijal dilTir 
enth m the same acmis of different species Dius intrilitpitic throttliri? miiis 
occur in onh 3 of more than 30hinds of mammals studied (Arei, lO^Jl) Inruwoir 
the muscic is distributed in prominent cveuJ\ spaced rmps In seals it is tfiirflv 
in nfif, form ition, but the rings are meompfete or branched m slanting connccfum' 
^iMiiR the imprcbsion of a spiral Wult m dogs the arrangement xanes from ir 
imperfect spinl throughalooseperfcctspiril tonngs Spirals and rings of mu di 
cannotnrilx act is throttling mechanisms but bi tim«| contractioiicinjinmiateii 
milhin^ ution In several \ciiis such as the human suprtreml the ritti cie i- 
cliicfli longitudin il or placal at an acute angle nitli the long axis Jlahiction ir 
\ ciinus length r ither th in m girth would appear (o bt its principal fiiiictioii 1 or 
other interesting regional wliptatioiis see Lis (1910) compiraoii of tlie portil 
\ cm uid the mfi nor x ona c ix a 

SUMMARY 

I hnlic firlcnci ipnii" /rt;m the hart Thei include the ninomimte, suhrJi 
\ mns proMiii il parts of the common carotids and the pulmonarx 1 1 idic fih(^ 
prcdomiiutc m their medial lajcr and thev extend penplieml)) to points wlicrelhr 
mwlia is nuistlx mu cul ir These clastic ortcncs first retoix c the blood eapcllol hi 
xfiitniuhr contnctions Becmsc thej arc clastic and owm,, to penplieril rw- 
timt to bloixl (low thex expand ind the clastic recoil of their walls continiifs ta 
force the blood nnw ird m tbcintcrx dsof xentricul ir relaxation Cnduccxpar i»a 
isparth hmitcxl bx i rcslr umngndxcntitiamxxhich there are inanx ad) igcmc filers 

Mmnihr arteries — Iljcse ire the continuations and br inches of the 
jlrtirics T heir mall il lax er IS xerx muscular ind contains few clastic fibers D r' 
rciehtotlu little arteries or arterioles xxhich Jitter are arbitranlx tniisuhrcii 1« 
Ik just bexond the limits of naked exe visibihtj when xiewcd in riro ^luscu 'r 
iirtincs distribute the blood to tlie xtinous organs iheir girth is more Hnurf 
nerxous and lixrinonil control than that of tie elastic artcnis In tniimatic 
irternl spasm their liimma tan be coinpletclx occluded ^Mlen more hloiN n 
rapiiral as during prcgiuiicx thex can enlaigc sex cml times . 

Irt/Tiiilr^ extend fnun tbt muscailar arteries to the capilhriw In the gra* ux 
(raii'ition from iniisi id ir arfcrx to irtenofe the proportion of mu cle m the 

w ill mere ises «» tli it arteriole^ are ft»r their size more musctil ir than anx ft irf 
kind of blood X e il ( on ajuintlx it is at this lex tl in the circul dion that 

and liormon il f irtors arc mo t opcratixc In the tnnsition t« capili inw 
ciaulir mu‘tU tdur irt lo t Vrtenoles prcMide sufficient peri; bin! 
liltHid ffmx to iron <mt pulsitton o tint blood cntrr>. tlie eaidlir' 
sire uns IK eoutnciion ihtx further werai c penphoni resistance ind t ^ ” 
irtenal bhxrd pres nrc IK reUxxtiou thex let more blood info the npi xn 
^^h(n this H nirricxl to m extreme the outrushing Idond fpiickK kaxos t 
lines md Kxmniil ites m the xcins pirticiilirlx the alMlmnin d ones arttm 
pit''snri fills and shock tn u< 
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Capillaries are almost naked endothelial tubes devoid of muscular or connective 
tissue fibers, to which only a few scattered pencapillary cells may be applied some 
of which are contractile (Rouget cells) Capillaries are the “physiological” sector 
of the circulation where the exchange between blood and tissue fluid chiefly takes 
place They are least under direct nervous control. 

Venules dram the blood from the capillary bed and are first marked by a patchy 
investment of connective tissue cells and fibers They are highly permeable. As 
they increase in size a little muscle appears 

Veins are formed by the confluence of venules to form vessels sufliciently large 
to be seen in the living state with the naked eye They possess an intima, a very 
rudimentary media containing many elastic tissue fibers, some muscle and a few 
collagenic fibers Since the blood pressure in them is low the return of blood is 
facilitated, particularly in the long veins of the extremities, by valves permitting 
passage only toward the heart and by the massaging action of nearby muscles 

Arteriovenous anastomoses are short cuts between arteries and veins which enable 
the blood stream to by-pass the capillary bed Their muscular walls are under 
nervous control 
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Tirr heart is a pump dcsipnwl to force blood through two circuits under low 
and hipli prc&siire respectneh Ihe first is the pulmonary circulation pro\idinp 
for atmtion and is rcprc'cntcd in figure 1 'Ihe second is the «systemic circulation 
carry ing o'<y gen to all parts of the body including the lungs under a virt of forced 
draft and is indicated heloyy the heart in the same figure Ai-cordingl) the heart is 
dnidcd into tyyopartsyyhich can be regarded as light diiti andheavj duty engines 



Tig oO — DiiCTam phoyying the coiir®e of the chief mu'cle bundles The 
rpiral group of filjcr' arc in olid black and the stnospiral in shading The bundles imnie- 
meduateb around the left o fmm and the conu** form single loops which attach thentfi'C” 
to the aortic septum \ll other bundles maj be con'idcrwi modifications of the** 
simple loops (M^l) \m J Anat ) 

Tlie right heart is m ide up of tin nghl auricle yvliich rcceiyes ycnous blood ardof 
the right y cnlricle y\ hu h forces tins on into the Ion passure pulmonary circulation 
Tlie left heart is limit on the same plan the left auricle rtcening the ot)gcnitiy 
MocmI from the lungs and the left \entricle forcing it out to the l>o<b ^ ^ 

under high pn^s iirt Ihe direction of flow is controlltd by yahes and th^ 
(hamlicrs of the hnrt like the eylmdcrs of in engine ore accuratdy time*! 
auncles pn^s tlie IiIikhI mto the yrntncles. at the aery moment the yentrich'^ «"■ 
m<l\ to JTCriye it 

from iKitli the iriihryologinj and eaolutioiiary points of aicw the hffft i< 
MikxI yesrl yylmli hi diyrlnprd cliainbefs yahes nnd ngidatory appam 
('* I ^ 
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enabling it to function as a propulsive mechanism The same histological building 
materials are used* endothelium, as a lining; collagenic and elastic fibers, for sup- 
port, muscle, for power, nerve fibers, vasa vasorum and lymphatics for regulation 
and maintenance 

Endocardium.— This internal lining consists of endothelium and a variable 
complement of underlying connective tissue, nerves, blood vessels and Ijunpliatics. 
Purkinje fibers may be encountered in it and are recognizable by the large size and 
blunt ends of the individual cells, small nucleocytoplasmic ratio, restriction of myo- 
fibrils to peripheral cytoplasm, etc (p. 315) 

Myocardium. — The muscle fibers are grouped in broad bands so arranged as to 
give on contraction maximum discharge of blood fiom cavities of irregular shape— 
by no means a simple engmeeiing feat It is instructive to view Mali’s (1911) 
illustrations showing how the bands can be unwrapped There are two principal 
systems, musculospiral and siiiospiral (Fig 50). An up-to-date presentation is 
given by the Robbs (1942) Evidence is accumulating that each ventricular 
muscle has its own blood supply and is more or less a unit because when damaged, in 
experiments on animals, a chaiacteristic change lesults m the electrocaidiograms 

A “skeleton,” made up of connective tissue cells and fibers, pervades the whole 
heart but is concentrated in the septum, at the points of origin of the vessels and 
aftords fixed attachments for the valves, and origins and insertions for the muscles 
The fibers are lifeless in the sense that they ha-v e no intrinsic metabolism Here is 
another example of the use which Nature makes of dead material. These fibers aie 
mechanically constiucted so as to stand intermittent strain for a long time 



Fig 51 —Vac.n ^.'\^orl^n of coronarj- artcrj-, injected with India ink, of foi tv-tv o veai 
Ilia e Note "w cepins w illov tree” pattern at A (From Wintenntz, M C., Thoiiia^-, R M , 
and LeComptc, ?. M , The Biolog.- of Arteriosclerosis, courtesy of Charles C Thomas ) 


Since the nnocardnim is moic masbue than the muscular vail of any arter> , it 
require.-, larcer ^asa \asorum (cornnar\ arteries and \eins). Supply, and rem'okl 
of waste must he uninterrupted. Strain on the coronary arteries is seveie Refer- 
ente has been made to their precocious ageing (p 71) 6l)vioiisl\ their own muscle, 
aim, h.iv to he notinshed. In a man, aged fort\-lwo ^ cars ha\ iiig hlood pre.ssure of 
J.)0'1.5n .ind marked cardiac h^pertropln.Winternitz ci ol (19,38) found at autopsv 





IhirliiuQhtMlim (ojt Uirtj/ sir !Kors) /tort KngU XO <pn (oji 

Urrngi fil rr diamtkr lo 5 vncrofis Captl years) ■iitragc fiber diamfler Oo mcron 

lanes r per g mm FC ralio 1 SS Capiihries S270 per sq mm FCroltolio 

Fio i2 -*'izo of cardiac mu ele fiber and capilhnes m relation to cardiac hjpcrtroj’h 
(1 rom Ilobert« Ueam, and Boten coiirtcs} of \m Heart J) 

I amiihitus >>liicli are not acr\ noticciWe in tlie walls of blood \csscN are 
mln^ and will de% eloped in the In^oclrdIUlu The larger ones as thej occiir in 
the dog arc represented in figure 53 1 me branches nccompanj the capillancs in 

the connectiM ti ^uc partitions between the cardiac muscle fibers 
the In inphaties m n ohmtarN stmted (skeletal) muscle nrc so poorlj dc\ clopo i3 
thcN ha\e been dc'cribed m some niusclcsaswholh absent .. 

Epicardiom —The outermost coat of arteries is the adventitia Tlicrc » 

ference of opinion as to what in the heart corresponds with it JIoNcmen o 

external ‘'iirfact of the heart against surrounding tissue is consider ihlc « 

with that of the arteries I acihtating this movement is a sli per' I 
surface known is the epicartimm (G epi upon) made up of a «heet of t iin m 
thehal cells supported b} connective tissue and a little fat , 

Fenc&rdiom —This conMsts of a lavcr of me^othchum which is ^ 

contract to the v i eeral lavcr that limits the epicanlium, backed bj a den'c i 
m<ml»rancstixngtlien«l bv <pecial bandsof filers The architecture oft pc a 

has iK-en workei! out hv I’opi and I uanescu (1932) and lies more m thei 
gro-iS than of tntcm«c*opic an itomv But from the mechanical point of ' ‘ 

lx nmeinliered ih it accommodation tsaffonled for alterations in volume am 
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of tlie heart ^\ithin the thorax, which is itself continually changing in shape with 
each respiration, and is subject to redistribution of pressure with the erect and 
recumbent position and, further, that the recoil from the forced ejection of blood 
under high pressure must be taken up. 

Because the pericardium is a serous cavity histologically and embryologically 
like the peritoneal and pleural cavities, there is a mistaken tendency to assume that 
discoveries made concerning the functional significance of the latter apply also 
to it Drinker and Field (1931) have found, by diiect ex-periments, that the peri- 
cardium of the rabbit is a singulaily inert protective membrane and that the 
absorption of substances placed within the sac is very much more sluggish than 
from the other cavities mentioned “The subepicardial IjTnphatics aie entered 
with great difficulty from the pericardial sac, a condition favorable to exclusion 
of tlie heart from participation in pericardial infections ” 



Fig .jS — Lymplmtic ics-^els of myocardium injected with Higgins' American India ink 
(Dog) X 45 (From Patek, couitesy of Am J, Anat ) 

Valves.— Valves have been described and figured in veins as structures elab- 
orated to pre\ ent the backu ard flow' of blood (Fig 47). Clearly the need for them 
IS much greater in the cardiac pump They arc greatly reinforced folds of endo- 
cardium Their inner surface is covered with endothelium and their substance is 
chiefly connective tissue The supporting fibers are mostly of the collagenic variety 
and extend from the annulus fibrosiis into the v.iK e plate, which, in the case of the 
atnoieiitricular vaKes, is made up of a peculiar chondroid or cartilage-like, 
material comjio^cd of small cells embedded in a slightly basophilic ground substance 
There are abo some el.istic fibers but little or no muscle (Consequently the valves 
liaic onl\ a feeble blood suppl\. In attempting to establish the extent of the 
normal blood supply, nuKcs showing even the slightest signs of inflammation are 
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to l»c excluclwl According to Dow md Harper (1931-32) occur in the 

"itnovcntricuhr ^'lhes but do not e^end into them more tlnn 3 mm from the 
line of ntticliment Appircnth the semilutnr MUes are practicali\ a\'a‘5cular 
The \al\es are mechanical devices which relv on phvsical strength No structure 
built chieflv of h\ mg elements could stand the strain so long 



Flo ol — UKuti>tniction of sino-^cntncular sj’stcm of calfs iieart (DeWitt I*. '1 
courtesy of Anatomical Kecord ) 


Purkinje System -M ule up of the Purkinje cells alluded to, this special con 
ductile nil ch till in i w ifhout parallel in blood vessels The moat complete account 
IS lint of l(Kld (10J2) In certain lower vertebrates the cardiac musculature i| 
contmumis fnun the venous to the arttnal end of the heart while in man am 
muniinls ili'Ctmiinuttv is due to development of a fibrous auriculoventncu ar ^ 
septum It was across this bamer that Purkinje noted the passage of thehtmi f 
of fibers whitli lieirs his iiamc and is comrnonlv design itcil ‘ bundle an 
Imnillc of Ills This bundle with its branches in right and left ventnees n 

illu tratcsl 111 figure i-l ^luch attention has liecn given to it bccaviscof 

of lesions m It in some cases of heart block . 

TiKld IkIicvcs that the fjl>crs are not simplv a bridge over the septum n 
exttnil tlinmslioiit the lu-irt substance from the entrv of the great veins to ^ 
itmiinal expan ions of the ventricular walls passing through the atriovcntncua 
junction in liivirse manner h\ several alternate paths Of tins flexiform net«of 
throush the haranl of chintx: certain particular areas have rcceivcil speciaUt en* 
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tion, namely, the sino-auricular node, the atrioventricular node and the so-called 
bundle of His On these alone attention has generally been fixed, to the exclusion 
of other parts of the system, until popular assumption has endowed these areas 
with properties which are not their sole requisite but characterize the system in 
its entirety. The areas mentioned are no different in structure from the remainder 
of the Purkinje system ” 

Blood supply is rich and the arteries are said to be terminal in character (end- 
arteries). By tins it is meant that the terminal twigs do not anastomose with those 
of other vessels so that the blocking of one of them might conceivably result in the 
complete shutting off of arterial blood from a certain area which is important, if 
true Little is known of innervation in man, but in the ox, Scaglia (1927) has dis- 
covered numerous myelinated and non-myehnated nerves, ganglion cells and nerve 
endings, some directly on the Purkinje cells, and nen’e cells are abundant along the 
course of the fibers, which, as one would expect from their myofibril content, are 
definitely contractile (^Yachstein, 1932) 

Just how Purkinje fibers regulate the sequence of events in the heart beat is an 
open question. It starts in the sino-auricular node where they begin and this node 
is graphically described as tlie “pace-maker” for the heart. But Todd questions 
the complete validity of current theories relating to the conduction of the cardiac 
impulse by them He says “It is extremely disconcerting to find lesions of the 
most gross variety in the course of or even throughout the Purkinje system with 
no corresponding electrocardiographic features. It is equally disconcerting to be 
unable to discover an anatomical basis for the most flagrantly aberrant electro- 
cardiographic records ” 

As in the case of the much simpler blood vessels, so also here, different species 
liave their own particular wajs of doing things. Though these fibers are well 
developed in sheep, horses and oxen they are so inconspicuous in human beings and 
dogs that Gloraset (1911) has reached the conclusion that a special muscular con- 
duction does not exist in the hearts of the two last named species The structure 
of the Purkinje cells is described on p 315 

Maintenance.— In the case of blood cells continuity of function is provided by 
prompt replacement of the worn out ones In the heart replacement of parts is at a 
minimum The largest component is muscle Tlie muscle fibers increase in size 
when the heart undergoes hypertrophy in response to increased functional demand 
but the fibers seldom if ever incrca'^e in number. iMitoses in them are extremely 
rare as are also '^igns of death Living conditions are unusually favorable because 
of the regularly imposed intervals of rest. On the basis of 70 beats per minute 
these inten als added together amount to about fifteen hours per day. iSIoreover 
it IS logical to assume that the perfection of the lymphatic drainage of the tissue 
fluid m which they labor is a definite asset. If the elastic and collagenic fibers are 
of good quality they last for a long tunc Nervous and chemical regulation are well 
managed SecNonidez (1941) on mner\ation. 

^^eller (1933) has pointed out the acquisition by the heart of “certain inherent 
protective mechanism^ which arc not eijually operative in many other tissues of the 
bodv.” Phe fir.'t i-^ the pattern of the arterial blood supply. “Not onl\ is there 
a variable anastonio-i'. between the bnuiehe-' of the right and left coronary arteric'j. 
but the iiuuibcr of thc'C connections probablv increases as age adv.inees, mi that 
tii(‘ heart become,-, better prepared to withstuid occlusive coronarv disea'^e m that 
verv period of life when such lesions are prone to occur. ALo there is found in 
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tlie nnocarjmm a peculiar intenninc^lmg of arterioles dcrncd from different 
jirtenal liranthcs Thus it is often seen that the necrosis of iiifirction following 
occlusne coroiiar\ disease a\all altcmite in distribution watli patches of intact 
muscle ’ If the injure v,ere concentrated in a single area death iiouhl he incut 
nbic Of all pirtsof the bod\ the miocardium is screed first iMth arterial blood 
The blood reaches it immediatth after filtration through the capiihnos of the 
lungs To this circumstance ^^lllcr ascribed its comparatnc mnnuniti to nmli:: 
naiit disease ^prtad bi the blood stream In tncliinosis the parasites ma\ becomi 
rnca “ted in “beitta! muscle in enormous numbers ‘In the mi ocardmm, hoi\i\ ir 
not i single embno can be found although as fir as size i» concerned 

licart muscle fibers would be adequate \et something prcients tins 

process ” AA cller alao calls attention to the fact that for some unexplained ri ison 
siphihtic lesionsdonot imade tbemiocardiura with the regiilantv that one would 
(XTicTt from the fact tint the aorti of all internal orgms is the most frcqucnlh 
m\olM“il 

SUMMARY 

llie heirt is the pump of the a istular svstem Its right half senes the Ion 
prissure, pulraonan circulation and its left lialf the high pressure, sjstcniic one 
flic muscles are attached to the cardiac skeleton which consists of condcn«itioii 
of conncctn e tissue m the septum, at (be points of ongm of the great i ci>«els at the 
attachments of inlves and in other places Tlie\ are disposed m circular bands and 
“pirils amnge<l so that on contraction the> force exactlj the right amount of 
blood out the auricles and aentricles Direction is controlled bj aahes Tlic 
s«iuence of ccents is accuratcK timed The entire mechanism is constructed with 
a Mcw to working for acars with hardh inj replacement of parts I notion of the 
contracting chinibcrs is minimized bx the surrounding pcncirdml fluid and (he 
^hppcr^ character of the surfaces An unusual degree of protection against mjunes 
Is pro% idcd 



CHAPTER VI 


lyjmphatic system 

Blood flows from the heart to the tissues and back to the heart, whereas lymph 
flows only from the tissues to the great veins at the base of the neck It is two way 
water borne traffic compared with one way The tissue fluids, m which the cells 
live, are separated fiom the blood stream by vascular endothelium and from the 
lymph by still more permeable lymphatic endothelium (Fig 2) Their composition 
IS regulated by what they receive from the blood, by what they give back to the 
blood, by what they evacuate by the lymph, and by the activities of their cellular 
inhabitants 



IfydroloUag IlydroLollag and pilminyi 

Fig 35 — Lwiiphatic^^ of ear of inou^c injected inth hydrokollag alone and hydrokollag 
plu" pituitrin It IS evident, in the second case, that tlie arteriole, v Inch accompanies the vein 
upward and forks, is constricted vhile tiie Kanphatics evhibit no response (Pullmger and 
Florcj , courtcsi of the Pritish J E\]) Path ) 


Ljjmphaiir cnptU(tric,s begin in the tissue fluids and gradually comerge and unite 
to form himphaltc nwsrh Lymphatic tissue (not limplioid) exists in tno forms: 
Comparatiich unorganized mainli ns ,suhrpitheha} hjmj^hafw imuc (tonsib, Peyer’s 
patches, etc ) and struttnralli veil organized as /i/mjj/; nodes (not glands). Y'hen, 
m rare caces, these earr\ blood inste.id of lymph they are called hcmohjmph nodes. 
I'lio sphen and the ihvmns arc sjieeial agcicirates of lymphatic tissue and vill he 
discussed in a separate chapter. 
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(I e" K-o 1,„„,„. 

cap,Ihr« nnd ,e„ulea In thendhpsed eondmon T.t cmu„g£,‘’l ”7'" 
cap.lhne,,meTtren>eI. d■ffie„^t,o^ecOEn,^cm^,stolog,„lnZ™i 
fo demonstnte tlieni IS to iniMf infA ♦ Prepnrotions 

t'r 

cleirii 'J‘!inIi2e<Jonimcrob.conicex'tintnition Anmllnp ti ^ Jon !)<• 

.Jr. 1. ^ Of ienst reswance into the eNaeuitniR hmphatic u^cU m 

rc^ultinr fpmiionn increase tn pressure of the surrounding tissue fluid 

Sr’ the, s^ell„„.i„Ve 

anictuilh milled ' r"’' tl'c Men tint the copillanea 

nZdm f n "T "'T" '"'"tse<l nmoimt ef 

k ^r, the ir r ° '!!“ '"t''"™" and reticular fiber, rrt™.l 

ITOC mr monemiTl' si™cttirrs ^^.lll separation of the 

dief „ 7 ""n ■' *“ eniluthelnl cell, of trhifli 

tiral- an m 't'l 7°.,"," ’rT"" Tile force temlin, In 

ne ir to rlina 77' *1’® 1* ‘t surfaces of which minlit be m contact or 

he I, men r " “W’OMC Sides of ihc cap.llara miplit sliphtia lower the prcw,.,rr 
tliinnee . ” 1 " ""<1 eciuent Imhin* tlicm together wohIiIIk’ 

Until ehnn'*'' ^ 'c CdHapaed Or pattl, collapsed state and htnee more permeable 
tloth chansea w„i,|d facilitate the entn of fluid 

ilafn TO ^'***te\ of the distribution of I,tnpliatic cipillnries aiilda significant 
rvnfu/n ; ^ <Mform s\stcin of tinj thm t\ ailed and tlurbt\ ^css(h is con 

trtrt ,^*** ^*^ <p>tlicln| lininRS of the digestne rc«pintor\ and urino^cmtil 
HiitJ le tpidermis "hcre^cr absorption is likch tooccur, or tlietiviic 

Kt'inff /r ilmmge (c/ mjocardmm) It is lacking in the suV 

Kht.hfJ f- ntr> oil's sxstem and m lione marrow two tissues which arc 

i'J cmironment as well ns m other situations which will K 

Pt>orh doacloped or absent in skeletal mu'clcs 
«!#»s«ir»n nf n 1 3 — Vs Blct adx Stated tbcsp differ fpom capilhrics lu thc 

filippn II *"'” supporting walls constructed of c-onnectnt ti'^sue cells anl 
tr, nt sa 'f; ® addition a little smooth miisck It is important 

fooh'crxethcin in action 


of c^S!’n''a Mt"'‘A '^P'' “ “btained bj watdiiiiB the almrpli™ 

a few mmulM Kimr i t ^ fed a pint of cream and the abdominal caxit) iiof**Dcl 

.!et« ^ ^ ii»t .miu u, uimtuu „t .mpn w, ;« 

toward 111 la <»fln I i ®^diough a few bcan-«hapcd l>anph no<les arc >a*iHr 

Iw* knit mo! t Bsik lilt aa firm rcaistant structures Tlic aWominal contents »hcuM 

anm „ r f ® time After a few mmute. whea 

atoorbed ba ihf* i ,•» ficarlj markedout in white b\ the milk fat which hisl'C'a 

-^rueu t,> the transported witluii them Careful ob cn-alioa of tL 
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interval between the first appearance of fat and its spread through the vessels in the mesen- 
terj' will give a rough idea of the rate of flow of the bunph (or chjde) in this region 

This should be supplemented by demonstration of a splenid moving picture prepaied 
by Dr Richard L Webb of the Department of Anatomy, Unn ersity of Illinois College of 
jMedicme entitled “Mesenteric lymphatics, their conduct and the belianoi of their valves 
in the living rat ” 

Lymph flo^v resembles that of venous blood insofar that it depends on the pres- 
sure of neighboring structures (chiefly contracting muscle) forcing the fluid in a 
direction determined by the presence of valves But the flow of l;\Tnph is not 
backed by hydrostatic pressure fiom the heart and is retarded by the lymph nodes 
which it must traverse However the ciicular muscles m the walls of the larger 
lymphatic a essels contract more or less rhythmically and serve a propulsive function 



-V .y sS -VsV'. 



Fk. .*)0 — Mucou-? membrane orer tonsil of vhite male aged seven years (Tonsillectomy ) 
Fonnalin-Zcnkcr fi\ation and H & E X 245 


Imr man\ reasons abiliU to identifr lymphatic vessels in stained sections is 
essential It is a good jiract ice to study places r\ here they arc undoubtedly present 
for instance the portal canals at the periphery of li\cr lobules (p. 18S). Cross 
st'ctions of c.it intestine, in the phase of fat absorirtion. stained with Sudan III 
alTord a stnking demonstration of Ir mphatie r e.ssels Peritonsillar tissue removed 
at tonsillectoniy frequently contains nicely dilated r essels 

^ higiirc at) shows two r essels beneath the epithehuni covering a palatine tonsil. 
1 he lower one extends from the bottom of tlie figure ujiward and to the right Its 
lumen is crowded with l\inphoc\tes and its wall i- ver\ thin. The upper one 



so 


LI MPBATIC SYSTEM 


exhibits a X lU e and the direction of flow is from left to right Chmips of Imphiv 
c^tes, and a ha7\ deposit of material caused b\ coagulation of honph arc rccognir 
able in the lumen 

Figure 57 illustrates other hmplntic \ essels m the same specimen One to the 
right of the center shows coagulated fluid hmph plus a few h^nphoc^'tcs Thb 
hnnph is fainth stained in contrast with the spaces ongimlh occupied h^ fat which 
look cmpt% Some nuclei of the hmphatic endothelium are clearh m ible Sim 
ilarK arranged nuclei are absent al>out tlie fat spaces 



Flo )" — DifTcrence between subcutaneous fat and dilated bmphatics m 
mueods membrane near lonsd ^ame ca^e as figure oG Formalin Z mker fixation 
nt.F X2l5 


SabepUbehal Lymphatic Tissue —These aggregations of hmphooics *j'. 
highh de\elope<l along the alimentan tract where the epithelium is w^*h 
fluids and mill li absorption takes place 

\m()ng them the trmfiU hold a prominent place Jsot onh do thej 
dollar ign but the\ are first exposed to all of the in-eoming substances 
are made up of rlunips of K-mphocs'tesand hmphoca tc-producmgccHs in a net i 
matrix of ntinihr mnneclue tissue niex he beneath the epithelium nni * 
more nr ‘hielded li\ it from tlie contents of the lumen 
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Each clump is spoken of as a lymphahc follicle (nodule) When active a marked 
difference exists between the appearance of the outer and inner parts of a follicle 
The outer part is deeply stained with hematoxylin owing to the concentration in 
it of small lymphocytes rich in nuclear chromatin, while the central inner part is 
less strongly colored because in it tj-pical lymphocytes are scarce and larger cells 
with more cytoplasm and less nuclear chromatin aie numerous hlitoses occur in 
all parts of the follicle but they are generally most abundant in the clear center 
which IS therefore called a geim center (secondary nodule). In the construction of 
tonsils the peripheral parts of the several follicles merge with each other while germ 
centers remain fairly distinct In old, atrophic tonsils these germ centers are smaller 
than in young and vigorous ones and may even be absent Variations in splenic 
germ centers are Shown later m figure 67 



Fig .)8 —Mucou'; membrane o\cr ton'll! Same case as figuie 56, Forraalm-Zenker 

II & E X 240. 

In some places tiie external (distal) surface of the epithelial investment of the 
tonsil may he smooth vhile the (proximal) surface projects between the follicles. 
The follicle, partli shown on the left m figure 5S, was at the time of fi.xation an 
actiie producer of i\ mphoci tc-> as indicated by the fact its pale germ center is so 
large and is limited onl^ by .i few deeply stained l.vmphocNtes in roughly parallel 
rows Close examination of this germ center reveals many mitotic figures There 
arc more h inphoci tes about the germ center of the follicle'on the riglit. Some ha^ e 
iinaded tlic epitlielial sfioet Ohsenc the close approximation of the follicular 
tissue to the epithelium 
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In otJior nreis t!ie epithelium dips doT\n m between the follicles fomun- wpi* 
niecpithelnl wnlU of these cn^ptsirc often thin andnia\ be incomplete a'l m finirr 
)S m tthuh 'i diarp ^\cd^:e-slnped cn-pt cuts do^n into the tonsillar tissue l,ke a 
Knife It contains e'capc<l lainphocatesand leucocates In the depth of tliecnpt 
epithelial cells with large funth staining nucfei and haiiplioca tcs})Osscsso<lof<ma[( 
mtenstU stainci! nuclei appc-ir to be muced togetlur Oba lous a such enpts art 
places aahere bactina can lodge and casiK invade the tissue because the\ arc 
cul-de-sacs and their epithelial avails are so mulequatc Both hmph and l>anp!i(v 
catts arc produced m tonsils and are nonnalla camoel aw la ba efferent a csscU liU 
tlinse nlre-ids illustrated in figures ofi ind 57 aahich arc however espeoilh Luyc 
l)\ reason of actiaita ofthenearba tonsil 



t?ul>ei)itlirli il 1\ nipliatic tissue is ahaaas present in the «mall intestine where i 
largest masvfs irt Know n os Peyer s patchf 9 The appendix is w ell pro' luM wit ' ^ 
Hut the-e iimulations do not constitute an equal hazard with the tonsfls )fea’^ 
the contmis of ihegut h nenm tJicgauntlctof niana powerful digestne juices 
Small (hjKits of siihepitlulitl hinpliatic tis iie normalla occur in some 
parts of the alinunfara tract am! more nnla in the respiratora and unnogen ^ 
tract but tliea are normalla alisont beneath the epidermis aahere there are rea 

thclc»s ruana Ja mphatir capillanra 
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Lymph Nodes.— A good way to describe the structure of a lymph node is to 
outline, with the help of a diagram (Fig 60), the course of Ij'mph passing through it 
Lymph is conducted to the node by afferent hjmphahc vessels that converge 
toward its convex suiface This surface is limited by a fairly tough capsule made up 
of connective tissue cells and fibers. Ljunph enters through openings in the capsule, 
usually guarded by vah'es to prevent backward flow. 



Fro GO — Diugr.'uii of a typical hmpb node The lymph enters the peripheral sinus by 
imin afTorent IvinphaticJ- ginidcd hy %alvc^ It percolates m the modullaiy «!nu=cs between 
(he nn‘-=c5 of iMiijilmtic tissue and lca\cs at the hilu<» by a large elTcrcnt ve‘'Sel Arteries 
(black), % cm« (clo'u ) and ner\ e^. cntoi at the hilns for vuiiply and regulation X about 20 


Within the iiodo the hmpli spreads out under tlic capsule in a space, known as 
the marginal or pinplarni suuts, lined by thin cndotlieh.d cells, which are more 
phago{\tie than tho'-e of Kinphatie capillaries and acsscIs and are therefore called 
“special endothchal telL.” ('onneotivc thiuc trabeeuhe (L small beam':) stretch 

t. 
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across the sinus 'inthor the capwle to the retjculnr fninei\orIw of the de^cr pirt 
of the node and «er\ e is p-itbssiN s for Mood % esseU and ner\ es 

I rom this ptnpheral sitmtion theltmph pradmlh seepswitothcsuiMfinceof 
the node m jtnxcttatins smMsea lined b\ similar special endoliielnl eclH Tlie^ 
«mti cs often 'icrowpani the trtbecufv On ^l{ sides are hmphatic fofJicfes pn>- 
diicinp hnipliocv tcs xihich edpt their into the stream In cn^c the Jjmph k 
oomparativ eh itU free not Iminp come from an area of subepithelial l\-mphstw 
tis ue or through a hmph node it i-* hire tint it first becomes charged wth bmpluv 
cates TJiese follicles are more clearK outlined than those of the ton*ils bccaiive 
their extent is limited b\ the penphenl and penetrating sinuses Their jem 
coi/err appear to be faaonxl b\ direct ser\ ice with arterial blood ria \ csscls enterm? 
at the hilus 

\s the binphatic stream m the penetrating sinuses con\erges tow awl the hiliw 
these similes octijpa rclati\ch more space and areci}Jedp/r</////arvJiHi«r» Tanlld 
with tlii^. cbiiigf the concentration of hmphocjtes m the reticular hachgTound of 
the follKles dicrta'ics so that medulla of the noilc is less intcnseh colortxl in hidi*‘ 
lo^iea) preparations nith hematoxahn than the cortex 

Wlicrc all ihe'e streams flow together at the hilus thti are nctommmhtol in 
one or more e/crent ij^mphatte wsch The speed of flow is somcwliat &ttpp«! oj* 
owing to rcxluction m combined cross sectional area of the strcim I’rotcctinn i-* 
alTnrfhxI h\ sentinel \al\c 3 against moaement of hanph back into the node wlcn 
the I e^soU arc ni issagcd i»s neighlioring muscles or contract through nctis ation 
thojr own muyrulatiirc 

It IS difliiiilt to picture construction of more efTci-tiie hmphatic filter* nie 
fluid* piuireil into h mph nodes liai e one feature m common that thes art pnHhirol 
b\ till piss.ice of fissiu fluid components through tlie high!\ permeable wn!h of 
!' nipliatii ( apiil iries Wince the t anous tissue fluids nre not of uniform rompositmn 
do n«»t ill InrboralKof (he s.amc kinds and are not cfjualh exposed to CTtranmiM 
Hi itirnl If follows (hat the fluids coming from differcut druniRcflreasforfiltnitwn 
111 regii u il li mph nodes are theniscbes far from uniform f^tt us consider the fate 
of iMiiph-f irrnd particles of dfflcrentsi/cs 

Mo t rtruni ir< of small particle size T vprnmcnts with laccinc i irus Ooffr* 
nml ‘’tdlnnii I'lpJ) show tliat twchchoursaftorit ispheed m the no«e of nWuP 
it *"in be <h toe ted in the cer> ical h mph stream Vo enter this stream tt mu | 
(rasrrsi it l< i's{ one hmph node \rrus continues to he spread m the reniM 
U mph for < \ pii d IS s If other a iriisos pass through JvTOph nodes as casib thn 
hmph iiic*. ire a simrepof danger in the extension of xiriis infections 

\\htii iMtrlmit }«npintt the cpithchil defenses and create a d sturhunce w t ^ 
Il sue fluid- this thim clirs iisuiiih ncconipanud b\ toxic subsf nces arc pic o 
up bi bcuph itii 1 apillirics nnd t iiricd (« u regional lutiph uik. Ktxluetion w 
rite of flow m the i,oik g» rs opiwrtiimtx both for the phiigoec tosu of luiteni 
for th* toxic Mib t mee- to act on the node Tfie destruction of hue tern i"* ' 

cfTcstiu but (In 1 art reports that biingotguiisms persist in nodes for 

lonj, jK nods of tmii I )t t idcd mforniation on this subject arid on the Ii mp J 

s^ stem «« n whol* Hgisfnbv I>nnktf and koffet llic toxic su nfjn ^ 

max in re-i-c< ipdhrx {MTmnbilifx increase the tt«sue fluid m the folheJe* 

-tmiuliU call «jisi joji «ith the result tliat (he nodes swell and iKXXime ea'ij 
(nblc 1 til irgi UK 111 ts however restneted hx the capsule «o that the nodes <fmn 5 
li utl AH 1 lia\ e Ufii hKf ritxj in some cases to buckshot 
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Carbon paHicles are of variable size, they tend to clump together and Ijnnph 
nodes filter them out very effectively. At autopsy thoracic lymph nodes are often 
seen to be blackened from inhaled carbon while abdominal ones, not having filtered 
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Fic Bl —Distribution of inhaled carbon in thoracic hmph node of ‘^l\lJ-se^en jear old 
white male who died of carciiionia of ‘'toiiiach Autopsy six hours later Formahn-Zenkcr 
fixation and IKt E X 1-1.") (Ti'-Mie obtained from Dr R E. Stow ell) 


out carbon, are white I'lgiire til is from a section of the capsule, cortex and part 
of the niedulhi of a thoracic node Tlic carbon is concentrated in the medulla 
where most of the phacocxtic cells arc located. A nnu rophage, containing a fair 
.iniount of carbon, is illustrated at higher magnification in figure 62 It is to he 
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noted thit 'i ncarln hTuphoexte and neiitrophile are tlexoid of microscopjcalN 
\ I il»Ie carbon To pick it up is not their busincas In the loner part of the «ame 
figure a pla«ma cell is prescntctl Cell:* of this kind an. of moderate size possess a 
df-eph stamme ii-<ualh cccentncnih phwl nucleus and ba'^ophiltc cx’toph'sm in 
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wliich a clear area is recognizable that takes the stain only faintly. They are of 
lymphocytic derivation and are not phagocj'tic. ^\hat their function is remains a 

mystery 

Cancer cells are much larger than bacteria or carbon particles Unlike them, 
these cells originate in the tissue fluids so that entry through an epithelial barrier is 
not involved That they spread m Emphatic capillaries and vessels is well known. 
They are arrested in regional lymph nodes (Fig. 63) where they multiply and cro\id 
out the Ijinphatic tissue The nodes swell and become palpable Some cancer 
cells drift along to the next node and eventually are disgorged into the blood stream. 
Without these lymphatic streams and filters the spread of cancer would be less. The 
object of surgeons is to remove the primary growtli and the tributary lymphatic 
vessels and nodes To examine a volume by Taylor and Nathanson (1942) on 
“Lymph Node Metastases” is eminently worthwhile 



Fig G3 —Adenocarcinoma inctastasi'' m pciipheial sinus of retiosignioid gland from 
])ninar>' in rectum m a man aged fifty-eight yeais X 480. (Specimen lent by Dr. M. G. 
Seclig ) 


The speed with which some materials are drained from the tissue fluids by 
\\ miihatics is remarkable C alcite particles (1-2 ^), injected intravenously in dogs, 
have been reported m the thoracic duct l\m})h twenty-five minutes later while 
imcrofilariai (40 x ,3 n) make the same journey in ten minutes (see Drinker); 
Think of the obstacles passed ! 

The role of lymph nodes in antibody production has been much discussed 
Khrieh and Harris (1912) lia\e measured the antibody formation in the popliteal 
h mph node of rabbits after injection of antigens into the foot by determining 
antibody titer in l.Mnph directh collected from aflerent and el! erent Vessels. The\ 
di'-eoicroil that specific heinohdns and agglutinins are produced beginning two to 
four da>s after plantar injection and tliat the maximum concentration reached by 
the Mxth da\ rejire^ents an increa‘=e of 100 times Correlated with this increase in 
aiitibodv is a marked im reuse in 1\ mphocyte-^, wliieh cells they lielieve to be chiefly 
re'’ponsii)le for antibodi s_\ ntheds He-'ults of further experimentation are eagerlv 
awaite<l. * 
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Evolution — A pnint tssentjal mtheoigaiuzatjon of tlie bod\ is the mamtenartr 
of tissue fluids in amount and jn composition suitable for their celluhr inliabitantj 
Bclo^\ the \ertebnte» thes.e fluids are se^^ed onh b^ the blood stream K hes 
amphibn and reptiles are supplied nith nn additional svstem of tissue fluid drainape 
consisting of Kmphatic capillaries and a easels Passage of fluid through the\C'«<;b 
i5 accelerated pumping stations knonn as hjmph hart*, located at Mrucgie 
points In birds limph hearts are onl\ recognizable in embia os In adults th<% 
are nb«ent and a /e« 1\ mph nodes are pros ided m some species In mammals the 
mirober of hanph nodes is greath incrca<icd and direction of flow is regulateil h\ the 
development of valves 

In her experiments ivature has been daring and vvillmg to pav the Piper when 
tliL objectn e i*: «o important P nough has been said to indic vte that the Iv mphatir 
sv'Jttm IS not m uninned blessing As will be expl lined liter the evohuum of 
higher fnrnii w as made possible b\ introduction of the female sc\ hormones hut in 
utiliring such substances Jsntiire plavs with hit bcciiise «ome of tl cm are dcfimtcK 
carcinogenic 

SUMMARr 

/ vnipkaiic cftpillanef arc thin walled plc-tiform endothelial tubes which exist in 
greitest concentration beneith the external and internal surfaces of thelwilv where 
tin fluids irc most dirocth exposed to absorbed substances Tiifv nreal-o 
ibundint m heart mu'clc and certain other tissues Ihev arc ab ent m wine 
deep Imui. ii->suc9 like the central nervous svafem and bone marrow Pecaua 
lvni[)liiiK rapilliric« arc more permeable tlan blood capillines the' serve t« 
rcgiilir thi (dinpoNitjon of tissue fluids bv removal of substances which cannot 
leave U ihi Ivlootl capillaries , 

/ I/ll />hnl I n**fh h IV e thicker walls nude up of connective tissue with a little 
miiwlcaiid irt provided with valves I vmpluspu&hed along bv constriction of th»' 
vis*.(ls iii()ii\ fht mas'iigmg action of neigliWing muscles. 

Suhf'pith 1 1 il iv mphatic (i&sut consists of groups of !\ mph itic follicles in expo'ol 
«ituation>. (tdii il'< Pevers patches) Ihcv arc dr-imcd b) Ivmplntic rapilbnrs 
and V cs < j 

J vn/ifi nh * in /vgamz^ed h7nj)}iatit /bJJicle* provided with periph 

era) ptiiurjim^ ind mcdullarv sinusct. enclosed in a capsule I vanph enters tw 

pcnpiieral mu bv ilTinnt visstls seeps verv slowly through the sinuses and leaves 

bv ffTeruu '«•><! 1 he nodes serve ns filters and as places for the production of 

Ivmphixv ti tttiii h art al-xi formed in the subqnthehal Iv mphatic tissues 
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SPECIAL LYIsIPHATIC ORGANS 

Spleen.— This organ has 3 claims to distinction It is the largest mass of 
lymphatic tissue in the body; in it is the largest accumulation of phagocjTic reticulo- 
endothelial cells and it is the greatest blood filter. Yet it is not essential to life for it 
does not provide any kind of tissue not present elsewhere 

The first English translation of Pliny contains the following passage. “This 
membei hath a proprietie by itselfe sometimes, To hinder a man’s running, where- 
upon professed runners in the race that bee troubled witli the splene, have a devise 
to burne and wast it with an hot yron. And no marveile- for why^ they say that 
the splene may be taken out of the bodie by way of incision, and yet the creature 
live neverthelesse . ” (Quoted from McNee, 1930—31.) In chronic malaria 

and certain other infections the spleen may attain enormous dimensions 

The Roman anatomist, Galen, spoke of the spleen as an organ “full of mystery ’’ 
For him the body fluids were not blood, tissue fluid and lymph, but phlegm, choler 
and melancholy The spleen was thought to be the home of the last named Hence 
the English— “venting his spleen ” 

A good introduction to the sjileen consists of a demonstiation of spleen and lymph nodes 
removed at autopsj' Such a spleen is consideiably shrunken It is only about one-tlnrd of 
its w eight in nvo because so much blood has drained out of it into the large, easily distensible, 
abdominal Aeins In comparing siileen and brniph nodes note, first, differences in color, 
shape, consistency and in the character of the suiface In both the blood suppb' enters 
through an indentation— the lulus The spleen has a pentoneal investment but no afferent 
IjTuphatic vessels In sections of spleen cut v ith a razor blade observe the v lute (Ijuiphatic) 
and tiie red (blood) pulp between easily recognizable tiabeculae extending inward from the 
capsule and branching The white pulp consists of lathei elongated masses of tissue (sav 
0 2 \ 0 S mm ) These are Malpighian bodies and corres])ond to the lymphatic follicles of 
Ijnniih nodes 

Microscopic Landmarks.— Figure 64 is a guide. Aboxe, a section of spleen is 
represented at low magnification and, below, a key to it m outline The following 
details max lie distingiiislicd in any good liemato.xxlin and eosin stained section of 
the spleen 

When the capsule is compared with that of a lymph node, its thin peritoneal 
coating of flattened mesothchal cells xvill at once be apparent. The capsule itself is 
thicker and its components rather different from the limiting membrane of a lx mpli 
node Collagemc fibers are present, as in the cajisule of a IxTnph node, but elastic 
fibers are relatixelx more numerous and a fexx smooth muscle cells occur The 
splenic capsule is, therefore, more distensible than the capsule of a lymph node and 
shghtl.x contractile 

Trnhrcuhx (() invade the splenic pulp from the capsule and possess relativelx 
more nuisele and elastic fibers than the capsule Veins (r) and arteries (a) can he 
seen m them Nerve fibers and lymphatics are present, but inconspicuous 

M nlpiqliinn lioclu s arc rcadilx identified as masses of lx m])hoc.\ tes embedded in a 
< omiectix e tissue rcticuluin (p 271) A little to one side of the center of each is a 
small artery and some of its branches can probablx lie made out .‘^omc Malpighian 
bodie.s arc obxiously cut .it the sule and will not contain anx .so-called “centra) 

(9o) 
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irtcf} Nonnalh tlicj exhibit great \'imtions m "ize iiid m 
the pcnpher\ of each bocJ\ is \ niirginnl zone (wr) containing nnrn cipiiUnc^ 
arising from tlie centnl arter\, and fewer l\mphoc% tcs Aliout this, m turn is a 
\ enous sinus rone in which the sinuses greatly prcdoramatc o\ er the cnpilhncs 






tiG n ’'[Ifsti }> V apod eiclit acar* licinorrliaEic jmrpurtv nml 
(IcficK'nrv \l \< jpp<jntup u/ eection below to section j 

mt«l t) 1 r )V n lin ■« an 1 (icfinni bx di tended xenous unu'cs (t) At t ic c<n c 
1 1 ulr IS the !nni hal.c f llule (/} Mirrounded b} fairb compact marpnal 
lr^t»Ty!i <f) arp <f a j i -,1 the capsule and tend to limit lobules ri.T,iAii W 

Is-nilar \m and alx and to the nsJjt a Rroup of arteries (a) ('lacNeaJ 
^l'*d ^^el OeoE'‘Uahr) 
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Venous sinuses (s) are identifiable (A) by their position, remote from a Mal- 
[iiglnan body, or marginal zone if the section includes only the tissue at the side of a 
Malpighian body; (B) by their lumina, which are often wide and contain much 
blood; (C) by their peculiar wall, indicated in figure 68, which is not made of com- 
mon endothelium but of long, narrow endothelial cells, arranged parallel to their 
longitudinal axis and bulging into the hunina, and (D) by the fact that they aie 
surrounded by red pulp which contains free red blood cells. 



Fig Go.— Diagram of a complete lobule of the ‘•plcen (Redla^\n and modified from Alaxi- 
mow -Bloom’s Ili'^tologj , courtesy of W B Saunders Company ) 

Splenic Lobules, — TJicsc are difficult to define Their limits are rough!}' indi- 
cated by the broken lines dra%\n between clumps of distended xenons sinuses in 
figure 6 1 One is rejiresented. as seen in a single plane, diagrammaticalh in figure 65. 
.'\t the base i-, a broad trabecula containing a trabecular vein, which, by its branches, 
drains blood from both sides of the lobule At the core of the lobule is a much 
smaller central arterx which reaches it from the tiabecula This artery runs in a 
Malpighian bod\ and branche.s Some capillaries from it nourish the hlalpighian 
bodv (white jnilp) while arterioles, accompanied by a little lx mphatic tissue, extend 
into the .surrounding red juilp' Before these arterioles branch their walls thicken 
and thex are termed “.sheathed arteries.” After the sheath is lost the arteriole 
braiK'hcs and is continued as arterioles, and later as capillaries, into the surrounding 
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\ enous sinuses 1 lit penphcr' of Uie lobule is marked b\ tliein and the tralxrul* 
cam uiff the tmbecular ^ ems tint drain them 

Lymphatic Tissue —'Malpighian bo<hcs resemble the hmphntic no(hiI(s of 
cubepithclial hmphatic tissue and hmph nodes m sc^enl particulars. (1) The\ 
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to almost a lake of \'enous blood (red pulp) without either afferent or efferent 
lymphatic vessels, whereas the Ijnnphatic follicles have no such investment, are 
directly drained by Ijinphatic vessels in subepithelial lymphatic tissue and are sur- 
rounded by lymph sinuses in Ij'mph nodes 

Lymphocytes, manufactured in the Malpighian bodies, are shed into the 
boundary zone and migrate into the red pulp When many of them do this they 
change the character of the pulp making it less led They must gain the surface 
of the trabeculiB before they can be picked up by the rather small lymphatic 
capillaries located in these structures Perhaps some of them do not travel so far 
but enter the blood stream through the thin walled vessels of the red pulp. Cer- 
tainly the lymphatic vessels, leaving at the hilus of the spleen provide surprisingly 
small drainage for so much lymphatic tissue 





Fig G7. —Senile Malpiglnan body in spleen of a aoman, aged one liundred and eler en year? 


Ked Pulp.— l^Nuctly hou the blood cii dilates m the red pulp is not known 
Some think that the endothelial walls arc incoinjdctc and permit escape of blood 
cells through openings Others aie of the opinion that they arc complete, but so 
thin that the celLs easily pass out and m again In sections the venous sinuses 
easily can ho seen, likewise rather thick-wallcd arterioles, called “sheathed arteries” 
(Fig fiS). By the introduction of a aew*tcelmique, which })crmits the close study 
of living spleens of unimaK by bglit transmitted tbrougli tiieir thin edges, Knisely 
(l!13{i) has desenbed and i>ieUned tlic course of lilood tlirongb the red pulp and 
nitration by the v eiious Mini'-es 

Proeeciiing from the Malpighian bod\ above and the trabecular vein below in 
Hgurc he reports 3 set^ of spluneter'.. 


1 Shcatlied arteries jiiaced near the Malpighian body. 

2 .MTcrcnt sjihmcteis lor.ited at the beginning of long capillaries that puss 
rlircctlv to the trabecuiar v cm (extreme left in figure) ami at the entrance to sausage- 
shaped venous sinuses (outlineil in blue). 
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? Fffirent spJii«cfer& st*itroned the ftr en<h of the sinuses near their (hi 
chir^i. into tlit trabecular \ein 

I lie filtntion is acconlins to KuiseU c\ die and di\ isible into four phases 
Condition — \fTcrtnt and efftrent sphincters open ^^^th lumen narrow wall 
thick looking and whole blood pissing through 

FtUraf/Mi h)hnff — PffcttJit sphuicttr do<es Wood ULCimmhte^ m (he ,enf,„3 
sinus whuli swells some fluid filters out through the will 

SloraQf — Vflerent sphincter noss closes and some reds ilso Kise the lumen arnl 
enter the surrounding tissue fluid 

Fmp/vmj — LfTcrent sphincter s«ddcnl> opens wide ind tlic stored mass of 
retained blood cells dischirges into the \oin 



Mackenzu W iuppk md intcrstciner (1941) haae not been able to ror fO 
Kniselj s findui- wlmli he Ins lionc\cr demonstrated to the sati faction i 
numerous Msitirr u In liboritor\ 

Tliemainpf'iiu in])L)x>rnem mind are (J) That the amount of blood rntrr^? 
the red pulp is rtj.ul ited b> the alTercnt irteriolcs limited segments of j \ 
specialh thick slu ttliv (J) flmt the exchnnge of luid and cells between 
stream and the tis m fluid i-j more unhampered th in m an} other part o ^ 

(3) That in con cfiutnie of this blood plasma cjroes into \erj mtiiMte 
with ettra\ascuhr (dl md since fluid so ea«ib returns to the UoO( 
extensive Ijraphatu drumgt is not required {4>Tlnt fluids ^ 
m the red pulp are pressed out into the trabecular veins bv Icisurdj 
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conti actions of the ^^hole spleen made possible by the development of smooth 
muscle in capsule and trabeculm 

Conditions are ideal for the filtration of blood but only a small fraction of the 
circulating blood is shunted through the spleen. The amount of blood thus filtered 
IS the quantity leqiured to meet functional demands If a larger volume weie 
invohed the circulation time of the blood as a whole would be increased and a 
larger, similarly constructed, organ would be required. 



I'lG 69 t’a-'Ctilar connection*^ between Malpighian body and traliecular \enulcs (Re- 
drawn and modified from Km«cly, courtc-y of Anatomical Record ) 

The materials to be rcmo\ ed iiaturalh differ from those in lymjih Blood is le>s 
•'uliji'i t to outside eontamination than lymph and the 1\ inph is itself filtered through 
hmiili node-, before it enters the blood stream. The mateiials sifted out in red 
pulp arc ordinarily those mIiicIi have fir-.! passed the gauntlet of the Kmphatics 
plus other-, normalh resident in the blood stream The most conspicuous of tlie 
latter are blood cells wiiieh are taken up b\ maerophaire> in much huger numbers 
'riieir iNtoplasm betoines charged with an easil\ identifi.ible iron containing pig- 
ment. hcmn\it}i'riu. formed In the digestion of hemoglobin 

'I’lie e\aet source of t!u"t' imuiophuges whidi aKo ingest bacteria and other 
siibsiauu's. is of minor imiiortanee in comparison with what tlnw do Befetenee 
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h I ilrcui% l>ccn m ulc to the fact that In the nreful '•election of cells a senes 

Mint ippe irtobc trin'«itmn'il forms betneen njonocj-tes and microplnctsc'itiW 

(•-f ifili hcfj Iftre in tJie sphen am! dso in hmph noelcs two other senes of ed! 
./f •■((i/il I iliit (or luJv of It) can be chosen evtcndinj; between rclieiilar celhan! 
iH i< n pb ‘Ik! betweeimwlothchi! cells ind macrojdia^’es Ceils tint shnwihn 
t\ idit' f'>r fiirticnhtt- matter hue been dubWd reimilo-endothdial cells Tlioirh 
till pin I) ' ont uiis tium in the hijjhest concentration the; occur in maii\ othir 
pirt 'f tin i>oii\ and art common^ to constitute tlie rcticulo-endotfnbl 
1) 111 



HeUcolo endolbelul System —The wax to conduct a pnimnnar. ur\c\ i 

thi ttim ii> K })r it Ml I mjhI} xxax experiments In tJic pioneers 

In 1 >0* Ninillf ainl Ji ctnrm) s djewhich the} caUed trjpan 

I .i'.'tl lint l,ke Uii. in (un red of Hirlich it xxouU be helpful m * 

ti ri 'I tryfxmu au-rr -f Mma IwtJi —parasites equipped with an unni^aiW ..<1051 

CIS « s thin au^rr-liaf^tl ) I oHowuic a bnef report b} Roufard GoMroan \ 
at iJie I >n < f I hrlich made a detailed sludx of the distribution rt 
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for eight days A few hours after the last the students should draw fresh blood from the tail 
They will probablv find that the monocytes have taken up a little dye Then they should 
autopsy the mice so that they can determine for themselves its distribution m the tissues. 
Gross inspection shows that the skin, kidneys, adrenals, spleen, liver and bone marrow are 
quite deeply stamed, whereas the central neiwous system seems to have escaped But the 
hea\iest accumulation of dj'e is in the pentoneum near the site of injection and in the loose 
connective tissue e^’■er 3 ’where The evamination of fresh mounts of tissue m normal saline 
reveals that the stain is concentrated within , (1) the epithelial cells of the convoluted tubules 
of the kidney, of the suprarenal and choroid plems, (2) certain cells of the ovaiy' and testicle; 
(3) the macrophages of loose connective tissue throughout the body and especially in those of 
the spleen, liver, bone marrow, adrenals and hmph nodes— fibroblasts are colored less 
deeply; and (4) in the “specific endothelia” of the fi% e organs mentioned 

Even though stainable by vital dyes epithelial cells do not belong to this system. 
To be concise it is made up of : 

1. Free monocytes and macrophages, wherever they may be. (Perhaps the 
cells mentioned m the ovaries and testicles are related to them ) 

2. Fixed special endothelial cells of lymph nodes, spleen, liver, bone marrow, 
adrenals, and to a limited extent of the anterior lobe of the pituitary Tliese cells 
constitute the walls of lymph sinuses of hnnph nodes where the flow of Ijunph is 
slow. In the other organs they line vascular capillaries (sinusoids in the liver and 
venous sinuses in the spleen) where the flow of blood is likewise retarded providing 
a good opportunity for contact and phagocytosis These cells, and the reticular 
connective tissue cells may enlarge, break loose from tlieir moorings and a ct as free 
R.E cells 

Any person trying to list a// of the functions of the reticulo-endothelial system is 
simply inviting controversy, but a summary by Wiseman and Doan (1942) is 
useful See also the Quarterly Cum. Index Medicus for papers constantly 
accumulating on the subject The system certainly plays an essential part in the 
destruction of red blood cells and hence in bile pigment formation and iron metab- 
olism. It also functions in defense of the body against invading microorganisms 
and substances of wide variety that may come in contact with its phagocytic cells 
m the tissue fluids, lymph and blood stream. Aloreover the reticular and special 
endothelial cells retain the potency of blood cell formation on demand especially in 
the spleen, nhich is active in this respect in embryos. 

THYMtrS 

A prominent feature of the thymus is its elusivcncss. It attains a maximum 
weight of approximately .30 grams about puberty after which it becomes incon- 
'=picunus. The epithelial components, which it receives from the endodermal 
pharyngeal pouches, become submerged by liordes of lymplioc\ tes Opinion swings 
to and fro as to whether it produces a definite internal secretion, ns epithelial organs 
of siinil.ar origin ha\ e the habit of doing. It is c\ en difficult to decide whether the 
th> mus h an esscnti.al part of the body, becau'^c. owing to its position in the thorax, 
complete remo\al is diffieiilt without serious injury to other organs And one has 
to be on the lookout for accessory thymic tissue (see A'an Dyke, 1941). But we do 
know that the th\mus of c.ahes and Iambs is good to eat and frcrpiently appears 
on the table as “neck sweetbread" in contnist to “stomach sweetbread." the 
pancreas It is the “ennrmatic organ" of the aneients The name we use is taken 
from the Latin term. T/n/m/s. n genus of plants w ith a two-Iipped calvx, and serves 
to remind us of its tv o main lolies. 
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Young and Old —The tin rmis of an mfint looks <50 different from that of an 
ndult that at first sight one might think that thc^ «cre different organs rather than 
the same orpin at different ipcs 

A {wrtion of i thv-miis of a six md one-lnlf month old bain is reprcH-ntnl in 
figure 71 The lobes ire dnided into lobules In loose eonnectne tissue partitions 
extending inward from a thin capsule ns e\er\ pood housewife knows for it i< 
ciistomara to pull awa\ most of the coniicctne tissue before cooking In thpv 
lobules it is oasa to recognize a deepi' staining cortex and a le«s inten'cK staimn^ 
mc<lullx 



Hii 1 .« k I littli like tin lortexof a lamph niKit Both are eniwil 

lMnpli.)C\n-* (tliMiHKMfs) but in the tliMiius there is no j>eriphera! ^ 

HiMiiK luxiiilcs iinsiimiiiin with Malpipliian l>o<licsof the «pleen 

hinphatK f im Kind | he' are not filters of Ivmph ^ 

r\i l in a Ini k^n iiiul c f n in nl ir cells and fil>crs llcticuhr cells nrc said « 
two *-rt itir'< iinni) in<l • rMlcMlcno d {epithelial) but it is difficult to hn ^ 
than 1 1;(* \ aneu ni irkfij I \ 1 1 ,r|.c elongate palc-staining nucleus and eonu 
rstcpla a 
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The viednlla is generally faintly stained for the same reason that the germ 
centers of lymphatic follicles seem pale, namely, that deeply staining lymphocytes 
are much less numerous in them than in tlie surrounding cortex, but the similarity 
is only a superficial one Thjunic nodules may be so cut in sections that the medulla 
seems to exist (like the germ centers) in island formations surrounded by cortex as in 
the upper part of figure 71. This appearance is however illusory for the medulla 
extends out into the lobules as cores from the deeper parts of the gland a suggestion 
of which e.xtension is seen bcloi\ in the same figuie. The medulla is but a poor 
producer of lymphocj tes But reticular cells and fibers are more noticeable in it 
than m the cortex and some at least of the reticular cells are of epithelial nature. 
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Fu. 72- Adult tin mii« ‘-luminfi e\(cii'5i\c an ohition Fonaalui-Zenkcr 
fixation, H vt E X 41 

lb contrast, tlie thxmus of an adult is a shrivelled looking tissue. Its full 
blow n. Inseions apiiearancc has departed The capsule look> thicker, because there 
has iiecn an nu reaM- m subcajisnlar connective t issue. Under the capsule numeious 
fat cells ha\e come to encioaeh on the ^pace origiiiidly taken up by the lymphocyte- 
rich cortex ronswpientix the cortical parts of the lobules are much smaiicr 
In them the I\ mphnex tes are more spread out and less eloselx packed together. 



100 


SPECIAL 1} Vpffmc OKGA\S 


In volume the medulh Jns ^Iso decreased considmbh J[an\ of j(s epjtheJjil 
( oils nre grouped iq concentric m'lstics called lla^saH j corpuscles :n the ctnlm of 
nhich the ce5i> dculop a hornx matcnil ^.eratin) nnd die These co^UM^fes 
<(i5tmcti\c constituents of the thjmus But Kent (1937) h-is produced •'itiuhr 
sfruttiires b\ exponmentnli^ di^lacmg nests of epidcrmil colls into muscle in 
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nhicli itviitiim ilic rclN thimp together and undergo centml kcrati/iizat^” 
hi^ ftiv) \ er\ propt rh < lUtf I ittcntfon to the hkenc^s existing lietwccn mx 
corpu (If^nndtlu tpitjiilnl pe iris ofsUncanccrs In the formation of thew»" 
epidcnnal nils fiioM fri in the siirfxrxr associate thcm«eJies w 

■‘iiml'itU Usonii k«riti;ji7rtJ This striking resembhnee between 
piisrlcHniiii Kinoiitrn ciliufir misses of ^idcnnal origin leads Kent to suggw 
po-Mbiltu Umi ihc lhsN.»HM„rpMscles usuiJh considered to he of endorffna' 
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lineage, are likewise epidermal derivatives, in other words that tliey are ectodermal, 
not endodermal 

Function.— As the thymus atrophies the need for nourishment deci eases and its 
vascularity is reduced Alterations’in blood \ essels and reticular fibers ai e described 
by Smith and Ireland (1941). Riddle (1935) speaks of the low-ebb thymus of 
human beings in contrast with its highly developed thymus of birds There is 
eiidence that the latter produces a hormone, thymoMdin, concerned m the forma- 
tion of egg albumin and egg shell Claims by Rowntree and his associates (1936) 
that tlie giving of thymus extiact to rats through successive generations brings 
about an extraordinary acceleration of growth and differentiation in young rats 
have not been substantiated. The captivating idea that the long constiuctive 
period of youth in human beings is due to comparative lack of thymus hormone is 
without support Indeed the tlijunus as an endocrine appears to be on the way out 
as far as human evolution is concerned The blood cell forming function of the 
thymus (Kindred, 1940) soon wanes Its lymphatic component, as long as it lasts, 
may be more \ aluable than its vestigial epithelial one. Because these hordes of 
lymphocytes are segregated in a protected pait of tlie thorax away from the areas 
and streams of absorption, which make the siibepithelial lymphatic tissues and the 
lymph nodes what they are, does not signify that they arc without influence on the 
cellular population of the body as a whole Neither are iMalpighian bodies of the 
spleen located in lymphatic absorption lines Compaied with the cellular inhabi- 
tants of other lymphatic organs, the lymphocytes of the thymus appear most to be 
in a kind of back ivater. They stay put for a time only to disappear earlier than 
those in other situations But to assume that they ai e functionless is unwise 

Comparison of Lymphatic Organs.— This is presented in tabular form The 
reasons for the diffeiences are functional clues that can be read but imperfectly. 
How the lymphatic tissues reach peaks of development at different ages and waste 
away at diffcicnt rates is described in an interesting way by Ki umbhaar (1942). 

SUMMARY 

The spleen is a remarkable association of lymphatic tissue producing lympho- 
c\tes, but not acting m any way as a lymph filter, with highly vascularized tissue 
whicli docs sene as a blood filter, but which retains the potency of blood cell pro- 
duction 'I'he two exist m a matrix of reticular connective tissue limited by a 
capsule iin csted w ith peritoneum and supported by stiong trabeculae. 

The lymphatic tissue is known as white pulp and the highly vascularized tissue 
as red piilj) The rrhic imlp is distributed in masses (Malpighian bodies) each 
surrounded by red pulp, and without either afferent or efierent lymphatic vessels 
so that the 1} inphocj tes produced must cither be removed by tlie vessels m the 
red pulp or tra\ersc tlie rod pulp and be picked up by small lymphatics in or near 
the trabeculae The course of the blood stream alwa\ s is to and through the white 
pulp to the red pulp and out tui the trabecular \ eins 

The ml pulp is made up of many highly permeable venous sinuses Blood 
plaMiia and =:ome cells pa^s through the sinus walls into the sui rounding tissue 
fluid No ti<;siie fluid in .any other jiart of the body is more directly ex-posed to 
blood ])laMna-a fact which has sc\cral important physiological consccpiences 
Much fluid returns into the sinuses Supplementary drainage of tisbuc fluid by the 
ir.ibi'cul.ir h mi»hatics is but sl^ht Since the current is slow- and hesitating the 
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opporlumtN fof pll'^goc^•toslS xnthm and especially vathout, the \cnoiis ‘imu'fs u 
c“\ccllent Reticular cells, endothelial celb, and probablj blood monoc\tes enlarge 
m<l produce macrophages Manj red blood cells are phagGcjlized 

The amount of blood entering the capillaries and ^ enous sinuses is as in other 
'Situations, regulated b^ the arterioles some of which ha\ e particular!) thick nails. 
Circulation is so leisurolj that it is facilitated by rhjihmic contractions of the 
vhole spleen made possible bj the presence of smooth muscle m both the capsule 
and tribeciihe Ob\ louslj the spleen can greatl) increase in «ize either rapid!) bi 
dilatation of the i enous sinuses or slowH bj proliferation of the hmphatic tissue 
The tliMDiJs an intimate mKture of scattered epitlielial cells and of clamps 
(Hav ill s corpu'!cles) with roanj limphocttes in a background of reticular con 
n^ctii e ti‘>«uc It has no afferent hanphatjc a essels, h mph sinuses or germ centers 
Jt rs much broken up into lobes and lobules Both maaimura deielopment and 
r^^trogrc^sion are earlier than in other Kanphatic organs The t}i)mus is not a filter 
for hanph Its h’raphoc\tes are not discharged in large numbers into efferent 
i\ rr phattc \ csscls as in the case of subepithehal Ivinphatic tissue and hanph nodes. 
( ill function of the th^^nu3 still is unknown, but it is moreprobabl) anetpresston 
tin dominating IjTnphatic component than of the recessive epithelial component 
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ENDOCRINE SYSTl 

This system regulates bodily activities through the operation of a^ series of 
broadcasting stations, the tuning in of receivers and the resulting action. The 
endocrine glands are the stations Each generates and emits a chemical substance 
or substances peculiar to it and not conflicting or drowning out those discharged by 
others. Like radio waves these hormones are all very penetrating In the body 
medium, which is water, they easily pass through many obstacles Produced by 
endocrine cells, they are first discharged into the immediately surrounding tissue 
fluid. Then they enter blood capillaries (and perhaps lymphatics), are widely 
distributed in the blood stream and e\ entually pass out through the capillary walls 
into the tissue fluids e^'erywherc But though all the cells in these fluid environ- 
ments are exposed to them, m vaiying degrees of intimacy depending on vascularity, 
only those constructed as receivers for the particular substance respond by appro- 
priate action It is emphatically not an integration based on conduction along 
definite paths as in the nervous system, but one that depends on the building up of 
sufficient material for broadcasting eft'ective concentrations in all directions 

Thyroid.— Like the thymus this oigan develops from phaiyngeal epithelium. It 
is not however shrouded in lymphocytes but maintains its epithelial character. 
Aristotle’s designation, plohts hysicricus, tells part of the story because those who 
have hyperthyroidism are frequently geared up and nervous, while individuals 
sufl’ermg from hy^pothyroidism are subdued and apathetic The broadcasted 
hormone, thjioxin, hastens one of the most universal of cellular activities in the 
body , namely’ oxidahon, so that tlie receners arc legion To make it wdme is one 
of the substances required and the amount of hoimone manufactured is increased 
on icccipt of ihj/roiropw hormone fiom the pituitary 

To bridge the gap hetveen gross and microscopic appeal ance examine a human thj’roid 
or tlie thy roid of a fairly large mammal Obser\ c its color and hou it feels Locate some of 
its ^c':=els and nerves Attenqit to strip off its cap'^ule After thus ex'posing the surface 
examine pieces in vater with a hand lens and identify the structural units known rs follicles 
(Fig 73) (The extraglaiidular hnnphatic jilexus will probably not be xisible unless it has 
been exposed to India ink, or other material, which easily enters it after injection into the 
ti««iie fluid At a slightly highci magnification the capsule, follicles, lyanphatics and blood 
\ easels arc illustrated in figure 71.) In thick sections, cut w ith a razor blade, tea=e out a few 
individual follicles In addition follicles isolated by maceration, should be studied Jackson 
(1931) has standardized the proccduie Place pieces of the gland m 3 p.arts of concentrated 
hydrochloric acid and 1 part of water for twenty-four hours Wash thoroughly in at least 
10 change^ of water and gently separate (Technique, ji 191). 

Seen in ordm.iry' hematoxylin and cosin stained sections the outstanding 
eliaracteristics of tlie tliy roid gland arc readily’ made out It is a mass of follicles 
(L folhctihis, diminuti\c of a bellows), closely knit together by’ eonnectixe 
tiNsuo and .serxiced by’ blood xesseK, nerxes and lynqdiatics The xxall of each 
fnlhrlr is made up of a smgU> lay er of epithelial cells which betray s its surface origin, 
'riic'-e cells are all of the same kind hut shoxx some variability because they' are 
ohxinuslv not all of the same age To make good occasional loss of cells bx’ death, 
some divide but mitoses arc ordinarily cxtremclv rare. There is a large numerical 

( 109 ) 
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opporliinitN for p1ingoc\losis -withm, and especially vathout, tlie ^enou 3 «ums« 
f \rcllcnt Reticuhr cells, endothelial cells, and probablj blood inoDoc>te> en)a^T 
T nd jirodnce macropliages Mam red blood cells are pbagocjlized 

The amount of blood entering the capillaries and \enous sinuses is as in otlicr 
’Situations rcqulated by the 'irtcnoles some of which ha^ e particular!) thick walls 
Circulation is mj leisureU that it is facilitated b> rhythmic contractions of the 
\\ hole spleen made possible h\ the presence of smooth muscle m both the capsule 
and tnbecuhe ObMOU'^l) the spleen can greath increase in size either rapidh l\ 
dll tatmnof the icnous sinuses or slowlj bj proliferation of the hmphatic tissue 
■} he IS "in intttsite mixti^re of setitered epithdi^l ce))s and of damfN 

(lb*; oil s corpuscles) with jnan\ hmphocvtes m a background of reticulir coa 
n “c.tn e tu-^uc It has no afferent Ij mphatic vessels hunph sinuses or germ centers 
It iT'U^h broken up into lobes and lobules Both mvxiraiun dei clopment and 
r tri ion are earlier than in other Ijinphatic organs The thjTnus is not a filter 
f’T hmpli Its Kmphocvtes are not discharged in large numbers into efferent 
In"'! \ b itu V Ls-'cls as m the case of subepithclnl Ivnaphatie tissue vndljinph nede^ 
1 h tutu lion of the thvraus still is unknown but it is more probably an expression 
of tii lomunting Ijmphatic component than of the recessive epithelial component 
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ENDOCRINE SYSTEIM 

This system regulates bodily activities through the operation of a series of 
broadcasting stations, the tuning in of receivers and the lesul ting action The 
endocrine glands are the stations Each generates and emits a chemical substance 
or substances peculiar to it and not conflicting or drowning out those discharged by 
others. Like radio waves these hormones are all very penetrating. In the body 
medium, which is water, they easily pass through many obstacles. Produced by 
endocrine cells, they are first discharged into the immediately surrounding tissue 
fluid. Then they enter blood capillaries (and perhaps lymphatics), are widely 
distributed m the blood stream and eventually pass out through the capillary walls 
into the tissue fluids everywhere But though all the cells in these fluid environ- 
ments are exposed to them, in varying degrees of intimacy depending on vascularity, 
only those constructed as receivers for the particular substance respond by appro- 
priate action It is emphatically not an integration based on conduction along 
definite paths as in the ner\'ous system, but one that depends on the building up of 
sufficient material for broadcasting effective concentrations in all directions. 

Thyroid.— Like the thymus this organ develops from pharyngeal epithelium. It 
is not however shrouded in RTnphocj tes but maintains its epithelial character. 
Aristotle’s designation, glohvs hysicnais, tells part of the story because those who 
have hj'perthyroidism are frequently geared up and nervous, while individuals 
suft'crmg from hjqiothyroidism are subdued and apathetic. The broadcasted 
hormone, thyio.xin, hastens one of the most universal of cellular activities in the 
bodv, namely oxidation, so that the receivers are legion To make it wdinc is one 
of the substances required and the amount of hormone manufactured is increased 
on receipt of ihi/rniropic hormone from the pituitary 

To lindge the gap between gross and microscopic appeal ance examine a human tli 3 T 0 id 
or the thj roid of a fairly large mammal. Obserx e its color and how it feels Locate some of 
its x'cc^els and nenes Attempt to strip off its ca])sule After thus exposing the surface 
examine piecc-s m water with a hand lens and identify the structural units known ss follicles 
(Fig 73). (The cxtraglandular ixmiphatic plexus will jirobablj' not be visible unless it has 
been exiiosed to India ink, or other material, which easily enters it after injection into the 
tissue fluid At a shglitly higher magnification the capsule, follicles, bmijihatics and blood 
■vessels are illustiatcd in figure 74 ) In thick sections, cut with a raror blade, tease out a few 
mdmdual folhcie.s In addition follicles isolated by maceration, should be studied Jackson 
{!831) has standardued the procedure Place pieces of the gland m 3 parts of concentrated 
Indrochlonc acid and 1 part of water for twenty-four hours Wash thoroughly in at least 
10 changes of water and gcntlj separate (Technique, p 191). 

Seen m ordinary hematoxxlin and cosin .st.imed sections the outstanding 
ehar.ictcristics of the tin-roid gland are readily made out It is a mass of follicles 
(L folhrulus, dimiiuitixc of /offis a bellows), closely kmt together bx connectixe 
ti''Suo and serviced b.v blood xessels, nerves and Ixmpliaties The wall of each 
fnUirlc is made nj) of .i single la\ er of epithelw! cells which hetrax s its surface origin 
'Ihe^e cells are all of the sanie kind but show some xariability because thev are 
ohx ifuislr not all of the same age. To make good occasional loss of cells b.v death, 
some dix ide hut mitoses arc ordinarily cxiremclx rare There is a large wxmxeTical 

( 109 ) 
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rmrpin of snfct^ Follicuhr cpithelnl cclk can pi'^s their liomione dirocth into the 
eiirroundinR ti-«‘;ue fluid or store it m the colloid stihstnnce \Mthm the follicle 
Tlu>. colloii! in stunwl sections often presents in irrc^uhr outline ^tpnratcd from 
the epithelium h\ i cle ir 'pnee (I ip 78) Ilolh outline and sjnee ire artcficts. In 
the Ii\ me condition the lumen » completcU fillcil The colloid is chicflv aciilophihc 
hut It ma\ exhibit dilTii l or patchx basophilii fli it this difTcrencc in stuninj; m 
not entirrh due to x ipnnes in technique is clear nic bi<!ophilic mivcs mu 



fiG "3 — ( anifra Imids <lrawing of the eurfaccor the extngHn'lular Isinjihatic 
of a dogs lh}Tmii li xMog iminultial follicles of thjroid and the communications ^ 
the intrrfolhcuLar |ilf\u^ running into the large lacun-e of the surface plcxui % 
(Ilienhoff \rch suj^ 

P'c!ill)lt a bricht 1 liii nit.illiicrrsjTticc (Gnilllm 1910 1910 ) Amrcime to 

in the n I tin ( h in le five thirnids of hx7iophi«cctwnir<vJ rats the col on u 
at iilopliilir nliilt III till t aitixntrd l>\ pitiiitarx Iionnonc it is ino tl\ hi^op 
In till itilloid dr* ph f < f mni t'liiiinp imtiml mi' occur likewise a fc" • ^ 
|ii iiinl 1 I pitluli till! 

H rh '■ lii ill ir 1 1 ifin Iniiii iml <ti||oid show striking cli wipes in diITt rent 

ii • il t i ' II III iitliii f whith cannot Ik pi'<n without rifenncc to^' 
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remains of the ultimobranchnl 1>odics nn\ occur In rats these can he the ■source 
of c\ sts tumors and other irrcguhnties (\ nn D% ke 1944) But the method w one 
of tMdc application because the distnbution of other radio ictue matenaU can 
likewise be determined in other tissues \ concixc sumraaia b\ Bo^3 (1915) is 
recommended 

De Bobertis (1942) has m\ cstigatcd the re ponseof the follicular cells of fruinca 
pi{rs to the tha rotropic hormone of the pituitara I igure 76 demonstrates the 
promptness of the response In the first phase the cells produce a lar^e qiiantiti of 
intracellular colloid which appears to be secreted into the follicular lumen flie 
c\ topla'm of tlie cells stretches out into the lumen and is pinched off nith the 
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Three hours after tm vntis Turnti/tuo Aoura c/fer irycctam 
I’m "I -Initial staRc*. of tbjToid activation m rats after thyrotropic factor 

[ntuitirv ■!« con in frozcn-<lned-<lcnatured sections Etainnl with aniline blue-oranRc 
({ rc;rn de Jtnhcrti courtc*!) of Anat Hoc ) 

cauit uni'll colloid droplets In this case ut any rate the colloid does not cscafw 
through the cell incmbninc it merges with the colloid in the lumen where t e 
detached investing eill membrane breaks down A similar mode of exit of sccrctwa 
obtains in tlic pancreas (hjg 144) In the scctind phase the colloid seems to < 
socretcil in tht opposite direction towaitl the base of the cell and rcabsorption c 
folliaiUr colloid takes plate i 

In two excellent pipers \\iniams (1939, 1911) lias dcscriboil the stnictuni 
changes in living thvroid follicles of rabbits He made tbvroid grafts m 
ciinstructnl chambers and trinMlIumiiiatetl the tlivroid m rif« b\ inserting * ’ . 
into the trachea In the jiliase of sccrttion the distal lionlcr of the cells n^ ^ 
lumin liecinnes indistinct and cMoplasmic proceasea expend into the lumen 
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of the th\roi(l in lia\mg no iodine CertamU there is no complicnting stora» 
pha^ as in the tin roid But since these epithelial cells of the panith'-roitl ha\ can 
im})ortant hormone to dl^charpe thc\ are not present in lanre, thick aomrates. 
On the contmrs their distance from blood s essels (and the lai^r amount of ti-v i.e 
fluid alKiut them) is ne\ er such as greath to impede the flon of hormone 

nic 'ecretoia epithelial cells are dnisible into 5e\eral ill-defmod categorirs 
alxiiit \^hl(.h there has heen much discussion E\en in papers bj Castlcman ar<l 
Mallon (103 1 1937) and b\ Morgan (I93G), co\cring work done m the same 
lal)orator\ difTtrence of opinion is expressed It is safe to recognize two mam tiin-s. 



lir M i arit[i\rui(l of woman aged one hundred anti cle\cn jears X.i'iO 

\ Chirf or Pritiriiml Cells — flic^ are the onl\ cells found in joung chiMnf* 
nu\ an illustraUtl in the Kfl half of figure 80 Tlicirc%topIa8m stains but faind' 
Morgan de^nlK-' two ^ aritties pale pnnapal cells and dark principal ecu'* 

fomurnrepruhablv the watcrcleir (^\asscrhcllc) cells of Castleinan and Mallof' 
and the latter the normal chief or principil cells of these authors 

B Onphil or Colloid Cells - rhese usually appear in older children approac i 
ing pul>erta Hira art illti triteil in figures 80 and 81 and are normalb ^ 
in the minonta Hieir e\tnpla«<m colors with cosin and appears dark and rv 
nuclei arc rminde.1 mid acn. intru'^h stained flie same names are appheJ ^ 
certain cells iri the tlnroid gland the cx'toplasm of which is acidopluhc 
philic) which an. not found in south and which are seldom >cr) numerous. 
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Castleman and ]\Iallory and ^Morgan report pale and dark oxj pliiies, the difference, 

however, is one of degree and not of kind 

These two cell t\-pes. with their varieties are to be regarded as stages in the life 
cycle of a single kind of secretory cell The clear ones precede the oxn-phil ones. 
From tlieir study of tumors Castleman and jMallory conclude that the chief cells are 
the fundamental t\ pe alwaA s present, if even in small numbers, and probably the 
only phase in the life cycle which is proliferative. The ox;\'phil cells, particularly 
the dark ones, are senile 



1^7 






-•■r ' j; :: 


A 







Jk i 




■m’ * 

-i * 






Clear 

cell 






^ I*'* 




Fed t loslcrol 

Ficj. S2 “Conipari'-on of normal paratluToid with parathyroid of monkey fed viosterol 


ln‘'ufficicnt parathyroid secretion is seldom met with clinically, Howe\er, 
occasional tctain during prcgnaiun. is attributed by ^Marine (1932) to under- 
secretion 0\er-socTetion, or h\pcrj)arath\roidisin, is now well recognized as a 
clinical entit\ (Barr and Bulger. 1930) It is accomjianicd by bony changes but 
whether these are produced by excels of hormone acting on lie ing cellular receivers, 
or on salts in bod> fluids, or on both rem.iins to be determined. Wlien p.cTathyroid 
cells become malignant tliose that iinadc other parts of the body are capable of 
exerting the same influence on calcium metabolism but they do so without restraint 
(Gentile, f/fd , lUJi) The jiarathx roids are Iremciulnvisly enlarged in renal rickets 
(Fig 70) A discussion of their ph\ .siolngiea! hypertrophy by Ihim d a! , (lOlO) 
afford welcome orientation. 
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DcIlol)crti5 (1041) Ins m\tstij.iteci low cilciuin andlowpliosphoruinckct^jn 
rats lie found in both an mere tse in size of thepKndjin mcreasoin nuniKrr*' 
cpitbclnl ctlU and ca tological indications of acti\ ation of the cells but the h>Tx'r 
troph\ was more marked m the low calcium than in low phosphorus rickets 
partntU tlic secretor\ cells make and discharge more hormone in an effort to restore 

the. scrum calcium and phosphorus to their proper le\ els Wien mtinkcvs are pwi 
\ io tcrol (s itamm D) which increisci serum calcium tht demand for homione n 
rcducol and the structure of the panthsToids is altered In the disappearance of 
bisopliilic deposits (juxtinuckarhodtcs)in thec^^opllsnl (Cowdr\ and^^tt Wo) 
Vc ficure S2 Tht re are set oral reports m the litcntureof depression m secretoia 
ictit it\ following admiiustntion of parathormone winch is what one would eapeci 
Without Mich self reguhtion this and other glands would run wild m socretort 
actuitt makiii'. much more thm is needed Some belietc that the pituitart sup- 



I B 

I la S3 -1 Hivt n{ umicrfccHlins on the tlij roid and parathj roid glands (p) of white 
rat 1 nonml I! unckrfctl Size of parathyroid increased (Jack.on Am J Anat) 

plies i spccnl hormone tint ictniitcs the parathtroids IJut the influence of 
rtinotal of tlie pitmtirt and tonscciuciitU of nn\ such hormone on the pm 
thtroids i-i f ir fnuii imifonn In some animals thtre is no resultant pjratlivTot 
ntropln In iht inonkt \ 13 iker (1*442) obserted possible slight atroplit unaccom 
paimal b\ significant «tructuril alterations in the panthtToid etlls \nncrtat«n 
IS not wtll (Utcloprti inil probibK cliieflt confined to the blood scs'cls Tlierci* 
noividcnta of the nertous control of secretion , 

No techruc“il method h is l)c<ii discoacred whcreb\ the hormone enn lie 
utal within th« M-ercttin cells c\en in stages of Inpcrdctn it\ It is c\i<lentl' 
ductal ill rather low cnnccntrifjoij h> a great jnan\ cells Hie factor of ^ e*' 
rmmlKTofctlUi tlurefon coiiMdcnblc Coinpensatoia hepertropln (regcncroticn! 
Mlowing partiil pinth\r»mlcttom\, was not noted bv IfoMjf (lO”!!) ° 

underfctl \oung nts Fnckvm (1910) obsereetl that tlie paratlijTouls arc 
grouiK“d w ith a few other organs whose growth cnerg\ is «o great that the' contn 
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to enlarge (Fig, 83), In extreme old age they exhibit some signs of epithelial 
atrophy and connective tissue increase (Fig. 81) After death they are peculiarly 
resistant to autolysis. 

Adrenals.— The thyroid and parathyroids are single-duty endocrines; but the 
adrenals are double-duty ones, foi, in them, two endocrine tissues are combined 
whose origin, structure and function are quite different 


Germinal Zone 
Keogenous Zone 
Transition Band 


Spongy Zone 


Deep Zone of Fascicnlata 


Central liod’/f 
Temporary Corlrj-f 
rein! Cortex^ 
Bmindnry Zone* 

Juxtn \TeduUarii Zom 
Intermedia Zone 



Zona Glomcridosa 


Zona Faiciculaia 


Zona lieheularts 


Fir,. 85.— Section tliroupli tlie .adrenal cortex (Itodnnni from Goomiaghtigh, 1922, Ix; 
cortex .curreml humnin fLan« Ics plaies dr rabdomrn e( aux- pdriodc': iiit<:rcssante> de la vie 
Eoxudlr, These, Uiin er'iUi do Gand ) 


Di^itinction between .ndren.al cortex and Tiicdulla is fundamental When a free hand 
section through a frrdi adren.al ]« ex.-iinined it will hr ‘^ern that the cortex is of a pale xcliow 
to (.r, owing to Its nrhnr^s in fntiv -uhAnneo-.; while the inodulhi i-' darker, hrcaiisc of the 
irhtn e aiocnce of Ihe.-r suh-tance-s and the jire-cncc of more blood Apjilication of a dilute 
solution of chromic .ncui skiwU bungs about a brown coloMtion of the niixltilla Tin's the 
cliromalim reaction for ejinirphntio secicting tis-ue 
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Hie cortex j'« constnictfsl that \er\ close n<i«ocntinn obtains bctwwn fpi, 
t helium like cclb of mesotlemnl onpii and the blood stream TlirouRb mostefu^ 
thief nc s the cells are arranged m cords, or columns, seldom more than tnocclbm 
\\\dtb winch sUctcU from the capsule tawatxl the mctluUa Between these cobinr^ 
.if .-eH are bIoo<l capillaries and a little rettcular connectn e tisane \rtcnal blotxl 
ntrrs tin. cortex from xesseb m the capsule perfuses the entire cortex m thev? 



< I tr:t { m il mi mg hormone Caslraled male 500 mg hormone 

hjfxrtrifh if r Hu jtui loss of hgptrtrophij of eoriiz and 
dii iLt { ,rit , parltelee 

bic x. s} of pi(uitat> adrenotropic hormone on birtfnnfent nut'oJ 

in adrenal ru^ f mm t-> (^\ca'cr and Nel on courtcs% of Anst lire) 
rxenlv pu ss| < ipiH in md manoccasionalnrteriolc ami pas cson tothcmnlulb 

within Thus til n i • t ihlishcd a \ascular gradient the outer eclU or? 
V*r%rtl with «rt. n d I !. h) .„d the inner cells last Tlie flowing blood is pregrr- 

isrK nltirr-i Iv «[..t It Mv.-suptothtc<llsandbv wlnt it reciives from then t- 
rrt.im < .mdiu ti f . Illife Rewise change The cells In c difTcrrnm an H 

(bnrrrntix de{M rnim'; uj^ i, tlicir position in the gradient Tliose simihri' p ^ 
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exhibit common properties and exist in zones roughly parallel to the capsule. A 
fimdamentally similar cellular stratification exists m many other tissues. In the 
adrenal three zones are easily recognizable. These have been given many names. 
The acceptable ones are listed on the right in figure 84. 



^fak ST dat/s old X IS 


iUalc otcr 1 year old X S 


Fia SO.— Variations in amount of lipoid m the adrenal cortex of normal rabbits. 
Tran«\cr'C frozen sections colored Mith Sudan IV .and liscmalimi The lipoid shows black 
or dark Rmy in the pliotoni!crogr.ai)hs The niedulla is comparatively free of lipoid. (Slightly 
modified from Whitehead, courtesy of Jour Annt ) 


In tlio Zomi Chmmtlinu (dun of L (ihnmth, a ball) the pattern of vertically 
pciK'tniting capillaries heing org.unzcd but the oelb are still grouped in cluster.-, 
'Hiei ri-eene arterial blood fir-,t Iloerr (1931) has found that in tlic guinea pig 
the pnncijiul --ite of cell dnision is at the border between this zone and the under- 
hiug faHiculat'i Intero'-ting in this connection is oiidenee tliat in rats both the 
Mid.in stainable fat (Tobin and Whitehead, 19 !2) and bircfriiigcnt lipoid material 
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(Wn^cr nnd Nel'^n, 1043) ire nb-^ent or less m miount at approximatelv this 
le\ el than m the outer glomerulosA or in tlie flocpcr hsciaihta («w the first photo, 
micrographs of figure S5) ^luch c^ toplismic f it is a hindcnnce to celliilir niiihh 
plication hut does not actualh prevent it excqit perhaps in fat cclU(p 27s> 

Tlie Zona l-asciculaia (d of I fascis a bundle) is much wider Tlie cnlumru 
are more conspicuous and cells are larger and more lieaviU chargwl with lip-ml< 
and neutral fats Not infrcqucntK a gradation in properties of cells is notimbV 
in the fasciculata as one approaches the reticularis The cells near the rcticuhm 
are apt to ha\ e less fat and to show more signs of ageing The cell ti^pcs ««metiic(s 


Hr 


ih'srnheil art iindutilittalK •st igcs in the life c\cle of a smglt hind TIicfa-‘<a^^ 
gmdinlK mergt*s witli the reticulans .i 

In the / vnn Il> tmil/irij the close relation of cells to capillanes is maintninf* 
the capillaries are no longer parallel Tlicv form a hinil of a network ant le 
likewise There is |(-.s { jt in the cells than in the fnsciciilafa hut consider! 
iiient IS present e^pet i dl\ m eldtrlv people Signs of cell dcith art more no ' 
Tile ctirtea limit rgot^s market! alterations in size Thert is extenuie 
injtlit tluring fttul th\<lopii«iit pulicrtv nnd pit^niim ami m 
U^Ut tnUrgtimwi t isintion eholestcrol (cethng nn<l ndrnini< ra 

ptuniar\ itlreml >tn pill hormone riicrc isatrophv in \ddi'on s di‘ca*e 
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Hartman (1942) has concluded a review of the functions of the adrenal cortex 
with the statement that it "plays an indispensable role in practically all activities 
of the organism ’ W^iat however are its primary duties'^ The redistribution of 
w ater throughout the body, mentioned by Hartman as a consequence of adrenalec- 
tomy, is basic An increase in permeability of capillary endothelial walls takes 
place, tissue fluid increases and the cells in the fluid absorb water How much this 
sweeping change is due to impairment of the ability of the kidneys to retain sodium 
chloride and to remove potassium remains to be determined Our task as histol- 
ogists is to try microscopically to localize significant chemical changes within the 
cortex Marked vaiiations encountered in the size of the 3 zones are well illustrated 
by Zwemer (1936) 

1 Vitamin C (ascorbic acid) is certainly stored within the fasciculata and 
reticularis, apparently not in the glomerulosa (see illustrations of Giroud^ and 
Leblond, 1934) Cellular activity in this connection is described by Bourne (1*942) . 

2 Lipoids, mostly birefringent cholesterol and cholesterol esters, are stored 
chiefly in the fasciculata Knouff et al (1941) found that excessive muscular 
activity causes a reduction in cholesterol Correlated histological and chemical 
studies of adrenal lipids by these authors are valuable Dosne and Dalton (1941) 
think that decrease in lipoid and cortical hj-pertrophy are indicative of increased 
hormone production 

3 Cortical hormones (cortms or corticosterones) are several m number "Weaver 
and Nelson (1943) have reported remarkable changes in the amount of birefringent 
hpoid material caused by administiation of adrenalotropic hormone of the pituitary 
as seen in polarized light (Fig 85) The presence of dust-hke particles within the 
ualls and lumma of the capillaries is regarded by them as evidence of the release of 
cortical hormone 

4 Some male and female sex hormones are closely related chemically to the 
cortical hormones Together they comprise the group of steroid hormones. The 
female one, progesterone (p 324), has been isolated from cortical extracts, and 
cortical tumors may result in cluneal manifestations very similar to ovarian 
tumors Salt and water retaining properties of progesterone and testosterone 
recall those of corticosterone The length of survi\al of adrenalectomized rats 
IS increased liy progesterone (Bourne, 1939). There is reason to suspect that the 
'/one of cortex next to the medulla (‘^ec X Zone, McPhail and Read. 1942) is most 
directh in\ oh cd u ith sex hormone Grollraan (1930) has dubbed this zone of mice 
the “androgenic zone.” 

5 As the blood is forced thiough thc.se penetrating eapillaries along the sides of 
coliiinns of fat and Iqioid laden cells, it is suiijectcd to a kind of filtration Detox- 
ifieation of the blood stieam is claimed by some Among the substances obviously 
picked up are particulate matcriah The endothelial cells of the reticularis are 
energetic phagoc.N ti/ers and thus qualifs for listing as components of the reticulo- 
endothelial sc stem w ith other “special endothelial cells ” It is the reticularis, aLo, 
that shows the eaihcst lesions when the compobition of the blood is unfavorable in 
fc\ ers, acute infections and other (oiulitions 

•Mterations m le\el of the canons zoims with changing demands upon them are 
hkeh to <K etir Tiie entire ( ortex is to be regarded as endow ed cc ith potentialities 
for i.irrcing out the functions mentioned, regeneration, hormone production, cit- 
amm ( ’ storage, etc Siqu-rfieiaUc it liears a striking resemblance to henatic tissue 
fp. I'.HI). 
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i 10 88 —I liotonucrographs of adrenal medulla (of mt«) fixed m formol MuIIrr ii'l 
exhibiting tlie chromafTm reaction of bronzing of cjiopla^mic granules here repre*entel 
a blackening 1, The normal and B, exercised at room temperature to the point wrm 
Ixxl; temperature fell from 3o 8 to33 8*C (Rcdraxvn and mollified from \ meent Qiurt 
J I xper rhj*®!ol ) 



fit »>'> — Dichargr of adrenabn I a.phj'm r ‘ 

nr ti m rnrtwn dioxide Note the prim lex of adrenalin bhekened b> the ^ jfi 
remic an I in the medulbr> cell and xrnoua ppaccx X > To U-l) 

Ilegulxtiuii ( hmate or 1 the Tln-mid id cnal Apparatu* Ixngmaax, Green « 
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The adrenal medulla is evidently shielded by the cortex In consequence of this 
arrangement, which has gradually come about in the evolution of a ertebrates, most 
of the blood that reaches the medulla is certainly more venous and less arterial 
than it would have been had it not been filtered through the cortex Harmful 
substances in it may have been partly or completely removed. Perhaps others 
useful to the medulla have been added Certainly this blood is especially rich in 
corticosterones and may possess much vitamin C liberated from storage. The 
medulla is more conservative and does not undergo such great changes in volume 
as the cortex 

The capillaries in the medulla anastomose and run in all directions They are 
wider than in the cortex, can properly be termed sinusoids, and are drained by thin 
walled venules The medullary cells are of ectodermal origin and give a pronounced 
chromaffin reaction. In the course of development unknown forces have caused 
them to occupy this central position Never is it the other way about with chro- 
maffin cells peripheral and lipoid laden cells central But some chromaffin cells 
occur in small clumps retroperitoneally (paraganglia) not associated with cortical 
tissue 

Only one hormone is made by the medullary cells, epinephrine, of which the 
trade name is adrenalin Tiny granules, demonstrable by the chromaffin reaction 
within the cells, are its precursor A better reaction is probably that of blackening 
with osmic acid The number of granules both in the cells and in the blood can 
easily be altered experimentally (Figs 88 and 89) Cytological manifestations of 
secretion are described by Bennett (1941) whose fine pictures should be e.xamined. 
Medullary tumors are associated with paroxysmal hjqiertension due to the dis- 
charge of too much epinephrine Numerous nerve fibers enter the medulla through 
the hilus i\Iost of these end in touch ivith the chromaffin cells but a few pass out 
into the zona reticularis of the cortex. Ljunphatic capillaries are not well developed 
Some begin m association with the \eins of the medulla and become confluent 
forming vessels that leave vith the veins But vascular drainage of tissue fluid 
from the cortex appears to be so proficient that lymphatic capillaries are not called 
for All blood lea^ cs at the lulus by a single adrenal vein in the wall of ■\\hich smooth 
muscle IS distributed in longitudinal bands If this muscle were to contract rhyth- 
mically it might suck the blood out 

The adrenal as a uhole contains about SO per cent of water and is therefore one 
of the most watery organs in the body. This fact is to be remembered in connection 
with regulation by its cortex of -water distribution 

Pituitary.— “Nature saw fit to enclose the central nervous s.^ stem in a bony case 
lined by a tough, protecting membrane, and within the case she concealed a tin\ 
organ which lies enveloped liy an additional bony capsule and membrane like the 
nugget in the innermost of a series of Chinese boxes. No other single structure in 
the body is so doubl,^ jirotccted, so centrally placed, so w ell hidden Her acts being 
purposeful, she must have had abundant reasons for this, and man’s prMng curi- 
osity impels him to ask what they w ere” (Cushing. ] 9.32). 

Unices micro..copic <^tudy of the pitiiitarj is related to gro-s study of the organ and its 
j'nrts no clear idcn ran he olif.aincd of this, the ma=tcr endocrine Demonstration of a median 
sapttid =c( lion through the entire brain nnd skull case shomng the pitiiitarj- within the sdla 
turnon and its ntlachmciit to the brain isheljifiil to begin with Then a brain, rcino\ed with 
intnitar^' attached should be exatninn] Iimlh median sfi^tbal sections of tiie pituitarj 
It'- stalk and the floor m the third r enf ride should bestudml at low niagnificntion 
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Tlie pitiutm m common with the 'idreml 12 * an I'l.socntion of two Mmrt 
tis&»cs Thcpflrj{»wcfnfm«.'igTo\\tluTpx\nn! of a pouch of onl cctodcnn wfnit the 
parr ncm>*a is i projection dow n^an) of the tis-ue in the floor of tlie thini \entntlr 
aho ectodermal ^lCT^ccl in a mednn •wpittil ‘section tlic four dniMons of thr 
pituitan arecisiU defined 

pars tubcrahb 

pars buccalis pin distilb— inferior lolie 

(adcnohc-pophiste) pm inteniiedii | po^ttrlo^ lohc 
parinenosa j (ncurolnpopln ■‘is) 



hi 'K) — Diagnmmatic agitfal section of pilmtar} illU'trating relation (omening^ 
Pram f!o r incj pars ncno a are lined pars dHali^ hglith ffipplcd par® tubmlu!, clipev 
atippled par« intermodia «olid bhck AR vlraclmoid spates f), dura P? diaphrapB* 
ol!x f pn mater SPi/, ephcaoid bone (AtncJl, Am J Anat) 

The jxirf tiibcfolis (liciulv stippled in Iij? Df)) evtend^ iipainl tomnl llif 
hnin btitl) in fnmt uul behind the infimdibiiliim Itisinconstint of^nnll^ireari'i 
neiil not l)t iiKiitioncd ifTiin 

Tilt jmrf (lifUihi (lighth stipploil) forms flic bulk of tlie orpin It is 
tilt •'cn>c th It It IS remote from the brain in compinson with the pars nersosaniiir 
IS Itself n pirt of the brim The pars distalis i> also knonn as the nnlrrinr h ^ 
because it << nns befort the intermedia from wlncli it can reidilt bcseparl(fdflWf^ 
the intni.1 indiil ir cleft Tins cleft is a acstige of the original lumen of the pan 
bneralis 

Tlie /*fir« intermedia (blick) is de\elopctl from the posterior w dl of tie pan 
buccabs It I adherent to the pars nenosa Togetherthcsctwoformlheposlfn'’ 

lolie The pars mtennedu I hiphK \anablc and m some species is not detccta <* 

Inman U isiini'jsen fPL’b) founditswcight to aa crape onh OOO^Ibgiu 1 1 1 n 
lhc;«''»«frro.<fi (diipon illjncs) js connected with the brain b> theuifuii' 1 “ 

(1 n funnel) It fonns !(•> » f the pituitarc than the diipram of a median saf< 
planethmiiph flu orp’in ii tsbccAUsctliepaTbdistnlisiacoasidcrahh wurr 
J rom fill Nf ni( tur« ni ti anterior lobe one would not su poet that d p “ 
more honnones than mv i», r tissue (see Tips 01 and 02) It n htid topef ler 
a raflicr thin np^nh j ) , creton edh are epithelial since fheir forcfal lef' ‘ 

I (iinun c«iinmijiiif iiu i. j tbe ont''K!c world Occa loimllv the' t lem 
line up alnnii in dl In, mo i bucli rounded formations are callol onni 
pnpcl Two ir, illrt Jrif. I m figure 02 In genera! howe'er, the ‘wrr oo 
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are arranged in cords, or sheets, close to capillaries and embedded in reticular con- 
nective tissue Is ever are they in clumps so thick, or dense, as to interfere “w ith 
fluid exchange Some of the capillaries are large and sinusoidal These are lined 
by phagocjtic endothelial cells which are components of the "special endothelium” 



Ltimcn of 
actnus made 
chiefly of 
chromophobe 


Basophilcs 


Chromophobe 


Rcticidar 

connectire 

tl’illlC 


Lumen of ncinns 
chiefly bnmphilcs 


Acidophitei 


Tir. 91 - distnli- of fifteen ^cn old A\hite male who died with chonoepithehoma of 
pinnl 'Jen per t ent fonnahn, JI A E X 020. (Dcpl of Patholon', WnMiuiKton Unncr<;it\ 
cniirte-w’ of ]:)r 11 E f^towell ) ' " 


of the reficulo-ondothelial M^^tciii Here, as m the adrenal cortc.x, association of 
blood stream with seeretinc: cells is umisnalK intimate 

?e( turns of the anterior lobe are easilv rerngni/abic In this arrangement of 
tjMtheli.d cells and In their grouping into 3 t\ pcs 
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E\DOCRI\E S>ISTE\[ 

1 Ckromophobn m the most numerous Otasmussen IO^n „ , 

uoslles, Tl.c.r m lophsm u. chmmopholue m S the 

str,„h„th,hth Thet - non junior m the’’C"t,::^'t;"r.?:';morts:,' 



' ,h. a'%’ 


J ^-'W 


^ /umm / 


r.' " ^ 

fic %. Iar« til till of pttuitar> of fiftj jenr old white male wliodifKl following ^rry 
m.,n^loIn^ for ennror . f | ronchu^ Rrjnutl fixation H A E X C20 (Dept of Palhol'T? 
Us hmpton Inner tu cowrtcsj ofDr U L ^towell) 


«*it » r of the sjytnfi, crimili's <li inttcri-stic of tlio other two t^■yK*3 The% rfsenHr 
t IP pnmiuvt cilN Ilf tilt (iiibraonic pirs ili'4t4li<> S\-niptoms pro<iuctf! h% tus^n 
mnrxtvtl of ehroinopholK nils do not indicate the hlxntion of nn^ plusiological’^ 

artne »u ntance hut rathtr an tnsuflicienc\ of hormone production causwl 
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by pressure on the acidophiles and basophiles for the organ is lodged in a bony 
excavation which makes expansion difficult. 

2 Acidophiles contain granules that stain with acid dyes. These are less 
numerous than the chromophobes and a little larger. Tumors of acidophile cells, 
are accompanied by overgrov.i;h of a definite kind leading to acromegaly or gigan- 
tism They are responsible for production of growth hormone and are said to 
manufacture adrenalotropic hormone as well 

3 Basophiles are least numerous and often the largest of tlie three. Tumors of 
basophile cells lead to overdevelopment of secondary sexual characteristics and 
there is other evidence pointing to the conclusion that they manufacture gonado- 
tropic hormone 

This leaves us with the cellular origin of at least 4 other pituitarj' hormones 
(lactogenic, diabetogenic, thyrotropic and paratinTotropic) still to work out. It is 
not considered likely that they come from the chromophobes. Perhaps all of these 
7 pliysiologically active substances may not represent the culmination of individual 
and distinct secretory acts To express it differently, some may be necessary stages 
m the production of others, with end products and intermediate substances both 
capable of influencing vital processes Recently attention has been directed to a 
trophic influence of the pars distalis on the kidneys (Heinbecker. Rolf and White. 
1943). 


Glands 



Tm O'? —Pituitary of a child, aged one ye.ar. .1. Prom behind mth part removed. 
«lio\Mng ctalk and glands projecting from par? intermedia into jiostenor lobe Tpars nervosa) 
B, Vieucd m samtt.al section nath the substance of posterior lobe removed, Ie.aMng the 
invading gland^- X S 5 (Lewis and Lee, Bull. Johns Hopkins Hosp ) 


But. bcc.ause all tlie cells of a given type look alike does not preclude the possibil- 
ity that some are making one product and some another. That tlie cells so seldom 
get out of hand is remarkable The neeiled amounts of all the substances are 
iisualli produced in an nnlcrly fashion throughout life. Xeighboring cells of the 
three t\'pe> li\ e in practically the same tissue fluid Their responsiveness to changes 
in this fluid i^ not the same. .Ml broadc.isted hormones enter tiie fluid and many 
other substances in adflition Xml further, in a giscn cell it is possible that iho 
rosponsK eness may he differential calling into actuity one process and leaving 
another unavnkened Were it not for tin.', difference in responsii cries.-, cells inhabit- 
ing the same tissue fluid would Ir.ue a strong tcndcnci to become similar. But to 
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( xplain « Int coiuhtions this (IifTirentnlrespomu enc<y and win it pcisj u m l,e\T'' ! 
us \\ ( cm onl\ n«isimie that the differences in rt ictn it\ are deepK memned n 
cclluhr orjrinization Another feature of these cells is the rarit% of (h\ i ion niKhr 
noninl conditions lhe\ nre cloorK long Ined cells in which the <pcciahrith n 



In *> \ ' iii| irifno Ftudv of Ihc pars nono<a of thf pitiiitio "f th*’ o’' ^ , 

u ual UU ni r\ tun j;ne litth indication of the hufolosical ftnicturt* **'■^^“7 
tintl « in / < I ii xtue iLisur scjita composed of fif*er*i of rcticulm and OJlbs™ ,, 

lrm*m. l.n ,ii n i Hi Uhrm>.U s method T Ma. «i\e network of nme fil-er* 

ll^rrJ\^^l I )M|iie W J timcjfes with th**ir numerous procf-v-s 

ipj tun* i i!i ini>*i lutti III of Ilortesaseil^er-carbooate metho'i X 2w i 
m I wdrj » *‘,wcul Cs-tolog) Paul B Koeber lac.) 
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possible in terms of hereditary endo\\Tnent is slowly attained and lasting. Smith 
and MacDowell (1930, 1931) have made the remarkable discovery that a defectn e 
gene leads to absence of acidophiles m mice in which the growth influence is lacking 
though the gonadotropic one operates. 

The posterior lobe consists of the pars intermedia and the nervosa. The pars 
intermedia, more than any otlier portion of the pituitary, displays properties which 
seem to recall its origin as a diverticulum of the buccal ectoderm. This epithelium 
of tlie nail of Rathke's pouch in contact with the pars nervosa differs from that of 
the free or distal wall by (1) lessened ability to grow and extreme variability in the 
size attained; (2) the exaggeration of colloid production, or failure of its elimination; 
(3) tlie occasional retention of primitive features such as ciliation and mucus forma- 
tion, and (4) the suppression of the differentiation of acidophiles The intermedia 
apparently lags behind the distalis in the variety of hormones produced. Acido- 
philic cells, so prominent in the distalis, are seldom, if ever, encountered; but the 
basophiles are fairly numerous. Excellent illustrations and manj' details are 
piovided by Rasmussen (1930) and Lewis and Lee (1927) A series of transitions 
may be established between these cells and the less deeply staining chromophobes 
that line the several luinina. Fully dift'erentiated basophiles occur side by side 
uith chromophobes, and, as in the pais distalis, may contain a few colloid droplets; 
but the basophiles are also found singly and m clumps apart from the lumina . Thej 
re\ eal the remarkable propertj' of invading the pars nervosa (Fig 93). 



I'lo of ],ar^ nc>r\o-x'i of pitmt.an of cat, bhouing cpcncljana! celF IininK 

an cxtcnMon of Ibc infundihuluni The lijahne bodies of Herring are .<=0011 between the 
hber, of the «cr\o-a, in tlie epcmlyni.al epithcliuni and in tlie lumen. (Redrawn from Herring 
Quart . 1 . 1 -Aper. P 1 i\mo! ) 

I'Acept for thc<(> b.i'-oiihiles tlic part, lurra-ta contains no cells of ejiithelial 
linc.igf Xcr\ c fiiior> sweep down into it from the brain and ajiparcntlv end there. 
It is irregularly duided In connective tissue septa Xnmernus cells', eallcd nit- 
mrs tcs. oeeur (Fig. 9 1 ) but their nature i> not know n Certain hyaline bodies are 
found m the ti-sue fluid nK)-,il\ near the o\crhanging lumen of the infundibulum 
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Fjo 0(j — Pjncil of fi\ c j car old male Croups of pineal celN wparatod bj connretnt 
ti uc Small concretion betou and to the right Formalin fixatioD, II £ X H>) 
(Specimen gi\cn b^ Dr \\ 0 Rus«ell) 
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(I5sr 95). It has been claimed that they represent secietion being passed into the 
third ventricle but proof is lacking Extracts of the posterior lobe contain acth e 
principles sold undei the tiade name of pitmtrin These produce a rise in blood 
pressure owing to vasoconstriction They also bring about uterine contractions in 
labor and othei results Their production in vivo is difficult to measure and hist- 
ological examination of the pars nervosa does not afford any clue either to then 
exact site of origin or to their volume of production as xvith some anteiior lobe 

liormones 



Pineal Body.— This stiucture comes as a kind of anticlimax to the pituitarx , the 
greatest of endoerines, because there is no longer any reason to consider it as an 
endocrine Patients with pineal tumois aic x\ ithout symptoms indieatn c endocrine 
dHtnrhance (lUissell and Sachs, 1943) Pmealectomx of thiec snccesMxc gener- 
ation., of parent rats produces no apjneciable change in bodx size, rate of dexelop- 
itU'iit or microscopic structure of endociines (Sullens and OxerhoKer. 1941) 1 he 

pineal body of human beings is meiely a x’estige of the parietal cxe of loxxei forms 
(nii'.sell and Gregory, 1943) Yet one must be famihai xxith its appearance 1 he 
lir't point to be noticed is the jnesence of numerous eelK arranged in indistinct 
Gii^ter^ fctrands of cnnncctix'c tibNUC Attempts to dbeoxer a Imneii 

and secretion antecedents xxithin the cells are fruitless ( aleium deposit... that 
'olor blue xxith hematoxxlin, are numerous near the blood xessels and m the cell 
' (l‘ig 9(5). Siher stains rexeal remarkable looj) and (oniina sli.qied iierxe 

t '» ings (l-ijj, 97 )^ gtrueture looks purposeful 
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SUMMARY 

Tlietlnroif] p'int]j\ roids *\drcnafc» and pitu^t^r^ an. professional ctidtKrriPts 
Tint IS m consequence of paivvth and differtntntjon tlie\ ha\ c hxoinc ^peewit Is 
and de\ ofc tfKinsc{\ ca entircN or afmost cntireK (ailrenal',), to intf^tmn of t’ ? 
ba<l\ b\ broadcaatinp Historic ilh tlJe^ are tbe arbtocrats InMng v?n«l m 
leading capacities throughout the eaolution of a crtibmtcs It is intcrcstini. that 
the tiurotropie pitmtarx hormone acts ns a stimulint of the tlnroul in inarnimK 
bml'' and amphibia This anti other e\idence leads Vdaws and VIhn (lVi2) to 
imtemfa\orofthezoo!()gicalnon speeificita of aerttbntecnducnncs Th( median 
ism of alUdir responsiveness on« introtluced b\ \aturt has ctrtainh shonn little 
change \s a rule the producing cells arc so construct eil that thtv arc immune to 
(heir ow n hormones Thus tin roid evtract does not stmml ite the tin mid \ few 
Jiormonts appircntlv act on evtcictlhihr chemical substances Tht <mgli stnic* 
turd requirement of nil endoermes is close as-socntion of the secrcton nlU iMt)i 
tlio blood stream In tumors this condition stdi holds for the nils nuht In e Con 
sequcntlv the ctlU of most ctwlocrmc tumors continue to mamificture nml da 
charge (heir hormones but m «n unregulated irai prwlurtu e pf exrrs«c& 

Itto other groups of cndocrtnes will lie described later Hies are amateuwiii 
the svn&e that the organs m question have other duties to ptrform Tlie hor 
monea nre produccvl m spceid parts of the teaticlc nnd man The alimcnton 
tnet hormones, comprise insulin manufacliireil m the p men as an append igc of the 
tntt and aetretm and tholccvstoktnm produced ba duodenal cpilheliutn Tlie 
htter ire mtortsting becau^ the structural ctHular orgamntion reqiurnl fnrtluii 
fonnation is so slight ns to escape detection 
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This book centers about the blood as the fundamental integrator of all vital 
activities It is via the blood stream that tlie endocrincs broadcast their messages. 
And it is from the blood stream, as a kind of revolving table, that the cells of the 
liody feed. Figure 9S is intended to illustrate, very schematically', the sequence of 
cxents, indicated by the numerals 1 to 5. Food products moving in the blood 
vascular and lymphatic channels are indicated by Ijlack arroivs and those passing 
through membranes by yellow arrows. 

1. From tlie digestive tract they are chiefly absorbed by the epithelial cells of 
the small intestine 

2 They enter the underlying tissue fluid, whence there are two paths of absorp- 


tion: 

3 A. Most of them penetrate through an endothelial hairier into blood vessels 
and are wafted in the portal vein to the liver (L poria, a gate). This vein is the 
gateway through which these adsorbed food products must pass. They arc 
received by the liver which is a kind of guard by whom they are inspected, passed 
on quickly in the venous blood stream to the heart, or tliey are stored for subse- 
quent use. 

3B. Other food products enter the intestinal lymjfliatics by penetration through 
a barrier made up of lymphatic endothelium. These are poured into the venous 
blood shortly before it reaches the heart 

4 IIa^ing been passed through the pulmonary circulation, substances taken 
in by both routes, are forced, in the arterial stream, to all parts of the body. They 
now move out through the vascular cndothehimi into the tissue fluid 

.■) From the tissue fluid they penetrate directly through cell membranes into 
nearby cclU in va'^culari^cd tissue, or diftuse comparatively long distances in the 
tissue fluid to reach distant cells 

The diet offered is \ery different from that of fiee living protozoa who are 
expo'^ed to all materials in their immediate environment The cells of our bodies 
ha\ e been ])ampcred for millions of \ ears. The substances that reach them in the 
ti'^suc fluid have been carefully selected and predigostcd Fatal results would no^Y 
follow upon their expoMire to an uncciicored diet of raw materials. Tliey are par- 
ticularl\ susceptible to protein which has not been simplified b\ digestion. 

We ha^c seen that the food products in the intestinal lumen ha\e to pa<;s 
through an epithelial barrier, some tissue fluid and a hucr of vascular or lymphatic 
emlothehmn before they can be c.irried around on the revolving table. The cells, 
to be fed, must beh.ive with due deconmi Thev arc not allowed to help them- 
selves Tlun are indeed held away from the food by \ascular endothelium. Tlie 
majority ha\e front seats, separated from the endothelium by only a little tissue 
fluid but some m avascular tissues (cornea, epidermis, cartilage, etc ) are placed 
nnu'h farther awaj. 


N’ot all of the substances taken in foml arc harmless Imlecd the ahmentarv 
tract vie- with the re.-piratorv sy.stem for first place as the main portal of entry of 
di'C.i-e pnn oleine .igents ( onsequently its epithelial lining must give pnitection 
as well us absorption Marked division of labor cxi.sts in the segments of the tract. 
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Teeth,— The roots of the teeth are lodged in the alveolar cavities of the jaws, 
where they are cushioned and held in place by the periodontal membranes, and 
recei^e the blood, lymphatic and nerve supply necessary for their maintenance 
(Fig, 99) Their crowns project into the oral cavity and are invested with enamel, 
the hardest substance produced in the body. Enamel in the dried state even 
sparks with steel like flint. It is the enamel which provides the cutting, crushing 
or grinding edge Black (quoted from Alvarez, 1929) has found that the molars 
crush with a force of 100 to 160 pounds, maximum somewhere about 270 pounds; 
but the subjects on which the measurements were made hesitated to use their 
full strength because it made their teeth hurt Thus, the enamel must witlistand 
pressures to which no other parts of the body are regularly subjected. In gym- 
nasts, supporting several men on their shoulders, the pressure on the feet is spread 
over an area far greater than the crowns of oppo'^ing molars in cracking a hard nut. 



Enamel rod'i 


Line; of Retzni; 


Fig 100 — Ground section of enamel Position indicated in figure 99 Dark, parallel 
lines of Petzius of \ ariable thickness cross the smaller and uniformly sized enamel rods 
at an acute angle (Modified from Schour, in Coudn.''s Special Cjiologj', Paul B. 
lioeber, Inc ) 


Obviously the enamel must be very efTecti\cly supported from behind, both in the 
tooth Itself and in tlic jaw. This nioti\e explains nianj features of dental archi- 
tecture and ^^i 1 y dentist.s must be e\'|)crts m mechanical engineering Xo bone 
contains as high a percentage of calcium, nor is so ex-posed, neither is bone, like 
enamel, acellular The enamel is obliged to endure chemical changes and oscilla- 
tions in temperature imposed by hot liquids, by ice cold ones and in winter m 
northern elimate-, occasionally, by air many degrees below zero. This it docs 
UMially without noticeable chemical disintegration and witliout cracking, though 
both may occur. Another rcciuircment is that the enamel must wear well, for 
regeiienition in the adult is nil. It is aiascular. Bee cut investigations on the dis- 
tribution of nidiophoqdiorus (."'ogunae^ and Volkcr. 1911) are significant because 
tiie\ show that more of tlii'^ is taken up by the outer layer of enamel from the oral 
secntions than h\ the more di-cph situated enanif! indKatmg the great influence 
of the fluid in the mouth on maintenatn'c 
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Since cmmel contnms onl\ I to 2 per cent of orgnnic nnttcr hinilx anvtij- 
15 left after decalcificition that it must be studied in pround sectioiu Hand 
IS made up of rods and mtercelluhr substance both calcifieil The rods arc l**? 
calcified processes of the panoblasts Thc\ extend aerticalK all the\i-a\ from tie 
free border of the enamel to the dentin Sometimes the\ cross one another ard 
occasionalh the% arc twisted ( gnarled enamel ) Kut the ealcificatinn is nrcl\ 
cqualh complete throughout the depth of the enamel It is prodiicwl in !a\e*< 


lie 501 



IViitin Hiid pulp from location marked 101 in figure 90 (Moiiifinl from 
in Cowdrj B Sjiecial C>tolog), Paul II Hoclx'r Inc) 


the bands (if Hetzius 'llicse cross the rods distinguished in figure '' 
finer and inort unifiinn diameter at an acute angle Kach band is foar 
deposition of rnatiriil of brownish color and rtprc«cnt3 the ® a^rd 

formed at sonu pirtinihr time in dcaelopmcnt (Noves 1920) 
inglN growth lines which stamp nutritional \anations on the enamel c'C 
tndr!lb!^ th m Ht tlicend of tht longlmnes (I ig 2^2) frmmatrt 

PmUn is made up of dentinal tubules ctnbeilded in a comparative ' 
Inordinara prqiarations (I ig 101) the tubules appear to I>c cIo«cK P‘'r « 
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and to pursue a wavy but parallel course from pulp to enamel. Their uniformity in 
diameter catches the eye. Viewed m special preparations (Fig 102) each tubule 
is seen to have a girth near its base of about 4 microns. Proceeding upwards it 
gives off numerous, extremely fine lateral branches (0 3 to 0 5 /i) at approximately 
right angles and the main stem may divide several times like a tree trunk ^ The 
divisions which result exhibit similar lateral branches and extend almost vertically 
upwards from the pulp. The length of the tubules is the thickness of the dentin and 
their number is legion. If those in a single tooth were arranged end to end, they 
would stretch for miles Dentin is unex-plored territory for those who delight m 
mathematical calculations. It is alive 
only by proxy The odontoblasts of the 
pulp, which do not reside in it, extend pro- 
cesses, or Tomes fibers, through the dentin 
in the tubules 

Tlie matrix holds the dentinal tubules in 
place It IS constructed by calcification of 
tissue fluid reinforced by collagenic fibers. 

Tlie latter pass roughly parallel to the 
dento-enamel junction and, like the ossein 
fibers of bone, are obscured by mineral 
matter. The chief mineral constituent of 
enamel, as well as of dentin, occurs in 
crystals It has been identified by roent- 
gen-ray methods as dahhte (Roseberry 
ci al , 1931) and as apatite (Tliewhs, 1932, 

193G) The first designation is more 
specific for dahhte is a mineral, rich in cal- 
cium, belonging to the apatite senes The 
rclati^ely light bands (Fig 101) arc indi- 
cati\e of incomplete calcification Both 
light and dark ones are vider, more wavy 
and less regular than those m enamel 
(I'^ig. 100) Next to the pulp there is a 
relatnely uncalcified layer \\hich appears 
w lute This is called predentin 

Our knowledge of the functional rcspoii'^es of dentin has been advanced b\ 
experiments on animaF, partieularly rats It is important to remember, however, 
that, to compeii'^ate for wearing away at the biting or giindmg surface, lajcr upon 
laj er of new tissue is formed in rats but not in humans Sehoiir and Smith (1934) 
haxe elearl.N illu-^trnled the dark bamls of In-pcrcalcification and the light ones of 
Inpoe.ileifieation produced daily in the r.it.s' dentin (Fig 103). Tlic'ie arc wider 
and morejiromineut during administration of ‘-odium fluoride .Schour and Stcad- 
iiiaii (lOT)) '^ay that the dark bands arc ])rob.d)l.\ laid down bx dav and the light 
one. by night. _ .\ single light band of hxpocalcification, followed by a dark band of 
h\ pere.ih ifieation, rcMilts from a single heaxy dose of x itamin D (.Schour and Ham, 
1934) or par.ithyroul hormone (Schour, Tweedy and MeTunkin, 1931). The cfTect 
of the latter l^ ilius(rat(d m figure 101 In human adults proxision is made onlv 
for maintenance of (he dentin in good condition This depend- on the underlving 



Fjg 102 — Ground section of 
dentin (Specimen kindly lent bj’ Dr. 
E P Brady ) 
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Tlie outermost la^er of pw/p consists of the nucleated cell bodies of theoj^nfo. 
blasts nhose processes traverse the dentm in the dentinal tubules T^(N^a^e 
p^e^«ed closeh together m a definite stratum at n surface so th it thci look epubelul 
though the^ are m reaht\ of mescnchamatous origin and companhle to the a>tftw 
CN tes of bone It is this epithelial appearance couplctl w ith difficulti m demon- trai 
tng ncr\ e fibers in dentin n hich is probabh responsiblt for the assertion that ‘•'air 
at least of the odontoblasts are scn<or\ cells and that stimuli reeciieil b\ thr 
processes m the dentinal canaK nrepissed on to temiim of the fifth nerxeand fur 



Enamtl 


\emal denltn 


/)<7i/»n/ijnnei rfuniil 
ejprrtmn^l 


[)fnUnfomfdM\rm 

ItttinjrdionanJd a ^ 


Fig 103 —Part of transicrsc ground bcction of incisor of rat Riven 4 injet 

per cent i<odiuin fliionde fortv -eight hours apart and killwl fourteen da^ c 
formed tlunngcvix?riment coa istedof 4 pairs of light and dark lijeis each -p _.n jAt 
formed in the intcnal between the last injection and death was jf*-l 

and dark bands each IGpthickandindicalivcofnonnalilaib growth X 
*^mUh Lnivcr'itj ofAnrona Technical Bulletin 1934 


the ensation of pain 'Ihc oilonoblists art encaseil in a noli plexus o ‘ ^ 

nerve filnrs (I ip 1<I7) and arc backed b\ loose highiv \a ailarizw co 
tissue of giIatiiii)U'cnnsi>toncv m which clastic fibers are said to l)clac 
nl)out tlie bhxHl ve^ cU arc supplied \n IWing (1^1-) 'I’l'W 
nrteneH m inultircKit<-d teeth where there is o direct roniicetinn lietwecn 
of each bom In ••mple rooted teeth livpcrcnua is siippo e<i to cau'C f fi** 
mpU cfTcn nt v« in b\ pro lire ( self strangulation ) , » the 

llie rnnnitrin i i thin liett of calafioil connirtive ti«'*iie enco m 
and the ilentin nnd the periwlontal nurnbranc 
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implies It coniciits the connectnc ti^w fibers of the peruHlontal mcmlrare fi 
the siihstnnco of the root If the crnxntum fails the tooth become, We snJ 
i> »oon lost It i> nouri-,hod h\ thlTuMon from the ^ cssel< jn (he pcnodontal 
bnne indnctth\ers ^hich mrficatc periods of growth (ris: lai) miv W fomid 
from the cenuntobhsts wlien required 



Fis lu I — I i noilontnl membrane about middle of tooth (Modified from ®ihiur in 
f owcln s ^pocinl CjtoloR} Paul B Ilocbcr Inc) 

Hir j>rrii>ifniiUiI iiienihmiif (I If lOo) 13 coirpo^etl of filirous eunneitne b ^ 
and a}) the rh im nt n Inch gcnenlh accompTn\ it nntneh IdoiKH^'e^ 

hniphiiK-s (ihnihl I t hi'«tKX’\te 3 and so on The pericxl'intil mem <nne 
the pin Utwn n thi tiHitli and the niveolir wall h\ n cushion of iie)< 

(Jibe s}>niildi of it^ fillers hold'C the toctli in pliee'^'t nllowi*<m\e 

inent w Itfiout will. I, Ih, \ would lie dcstiwed (d) noun lies the otnentuni »!> 
hj?J Ji adipta!)h n(\ro(ir lionc and forms lioth anew wlicn reciuirnl • 
vnsumnnftDtidi and(»)reiets asa \en Mtal tissue to injiiriesnfaUKm-b 
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■\Mien the epithehal aitachment between the gingiva {i e , gum) and the tooth is 
faulty an area of minor resistance exists as in the crjT^ts of the tonsils. Food 
particles can become lodged in the space between the gum and the tooth and organ- 
isms can invade the tissue beneath It is important to clearly ^•lsuallze the struc- 
tures involved A comparison of young and old gingivie is illustrated in figure 106 
In the young specimen the enamel has been almost completely removed by 
decalcification Onlj' traces of its organic matrix are to be seen It extended down 
to the outer limit of the cementum and the bottom of the epithelial attachment was 
approximately at the cemento-enamel junction 


Epdhchal Enamel Epithehal 

attachment matrix Dentin perforations Cementum 



rpill'ctiat atlarhmen' 


IiG 10b -Fcctionsofjoungandoldginpna II&E X 110. (The joiing specimen v as 
obtained from Dr L R Boling and photomicrograph of (he old one i', from a preparation of 
the late Dr Rudolf Kronfeld ) 


In tlic older specimen, the gum has receded that the cementum has been 
f\po<;e(i Tlie epithehal attaclimcnt has burrowed down (prn\imali\ ) along the 
Mirfare of the cementum The epithelial laser is thickened but is perfor.ited by 
mes of leucutw tes (see Hobni‘-on, IJohngand I.ischcr, ]9t2j. 

Ihe h/mj)hnU,s of the gmgnal cre\ ice (or trough) apparently drain down 
nirougli the periodontal membrane and are joined liy other- from dental pulp and 
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a\\ eolar bone (MicGrcgor 1935-36) IIa\ mg m mmd the large cro^ anajtoae^ 
in Ijmphatic \essel3 draining the teeth and jins of monkevs MacGregor 
that swollen IjTnph nodes m humans ma^ not al^aNS bedueto a focus of infwio 
on the same side of the bod\ 

Mlndle (1927) Ins shown that the sensorv netae fibers of tlie 5th ner\c are n 
2 groups The first consists of a few unm^eIlnated and mam small and tneJi ~ 
mjelimted ones but no large m\ohnatod fibers (Fig 107) In the pulp SprrrAtl 
(1936) states that all of the unm\clinated fibers are distributed to the blood 
while the m%clinatcd ones lose their sheaths and form a plexus near the odorto. 
blasts Ricgele (1934) and Sprenkcl haxe obscr\ed that twigs from this f^rxi: 
enter the predentin and perhaps the dentin also Spnnkel thinks that the% extr-vj 
along the dentinal tubules on the surface, or more probabU ctnbeddo! in tlr 
processes of the odontoblasts and figures two kinds of endings tins loops ami cork 
•tcrew formations the latter m the niinontx Both tx^pes of endings arc siiflinenth 
naked to be interpreted ns the termini of pam fibers (sec p 3S0), and Mindlcprr- 
'cnts some exidence that these small and mexlium-sized mjelmated hlwrs snv 
from small and medium sized cells of the Gassenan ginghon which likrwbr b 
consistent w ith the tlieor- that the\ are pam fibers 
Tlic second group is, according toWindIc made up of the remaining unnnrln 
ated fibers, and large mxelinated fibers and inncraates the periodontal nicinhrsrf 
and gum The unmx ehnated fibers max pass to the blood x csscis as m the pii’p 
but this IS not asserted b\ cither imcstigator The large mxclmatcil filxrs nre cf 
the tjTie which max be expected to serxc tnctile scnsibilitx m the broad sens* 
Sprenkcl has gamed the impression tint more of the ‘hoaxiK m\ ehnated fihen 
of the periodontal membrane enter latenll> through foramina in the nhrob 
bone than from below lie has desenbed tlirec txpes of ending for these hraiil^ 
mx ehnated fibers m the membrane (1) rings situated xerx near the tiK eolar Imre 
on till collagenic fibers extending from it to the cementmn (2) terminal rcticubr 
endings in association with connective tissue cells nnd (3) reticula with nniial 
fibers that penetrate into the cementum and m some cases through it into tlr 
dentinal tubules beneath Sprenkel refrains from anx interpretation of the trr 
minal reticula but suggests that nil the other endings including those in t 
dentinal tubules are stimulate<l bx deformation nnd moxement of the tooth s 
scrx c as receptors for reflex arcs designe<l to regulate the act of mastication 
\ lew cannot be altogether excluded but the proprioccptixe emlings m the mu 
of mastication would seem to afford sufficient regulation of this function ui- 
oudv w L nml information on the mechanism for the perception of pain in the pc^ 
dontal mem!>ranc It max be served bx fibers entering from the pims 
innervation set abo I^winskx and Stewart (1930) nnd Christcnvn 

Tlie great adiicxemont that marks the maturitx of the science of 
IS not «o mmli the development of marvelous technical skill in corobatirg ^ 
infections and in correcting developmental defects as the recognition o t ^ 
tional integration of the abox tyraentioned parts to form a whole and of i 

tlependcncc of the mechanism with the rest of the Ixxh In the teeth 
liMng lustolngical eomjwnents cooperote to 'erxc the mdiMdinl to a ^ 

oxen exiettis that operatne in the outlxing epidermis Tlie brunt o e 
breaking up the fo<Hl nnd of mixing it with the saliva isserxcxl 
Hie rntiii*) is supportol bx the dentin which is certamb at least 
though ftctmcahle to substances percolating into it from the lixitift tii' 
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pulp. To the sides of tlie loot the living periodontal membrane is attached by 
special cement substance. This membrane furnishes a slightly yielding attach- 
ment in the ah eolar sockets of the jav bones Even the bony walls of the sockets 
adapt themselves to functional demands. As is to be expected, the living parts 
are closely con elated with vital activities thioughout the body. This association 
IS decreased m tlie dentin and barely if at all effective in the faither iemo\ ed enamel, 
which latter the body cannot call on for calcium when dischaige from calcium 
reser\oirs is lequired in accoidanee witli the inteiesting conception of Ilam and 
roituoiido (19.3-3). 


Dcnhn 


Pndinli?) 
Odimlohia'.l 
Idi/rr 
Loop ending 

Free ending 

Lotcral fiber 
Loss, of viyriin 
Liinlh 


Blood Tcsscl 

Hour glni^ fiber 
Cor! ‘■erne ending 

S !>n ad inrj fiber 

( niiii/</tnated 
fiber to blood 
rr^icl 


Suiall or niidiutii 
mill hunted 
fibi r" to pulp 




Small or 
medium 
tin/clinnlcd 
fiber 


Periodontal 

membrane 

Cement um 
Ah eolar bone 

Large myelinated 
fiber 

Tirminttl lehcular 
ending 

Ring ending on 
collagenic banel 


Rndiugs in 
eimintum 

Largi mgilinatcd 
fibers 

Vnuigili noted 
Jdn r to blood 

ICJiSfl 


I n. H)7 l)i!i”r.'nn of innon.'itioii of an iiici‘-oi {oy|!i. 


SaUvai^' Glands - 'J’here aie .3 piineipal p.urN The subliiiguals, subinuMllai le^ 
am ii.uoti.h (f; parei he.ddi'. plus mis- [dt-j. ear) They siipj)h ferments 

imhuhm: rhastaM*. and mii< iis to the foo,l wliieh is beim: uiound up In the teeth. 
.i 1 m> pl.n an esse„f,al rule in reimlatimr the water supj)}\ „f the body. As 
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p<(iiitc<l out l)\ Cannon (1932) when witer Is ncttlccl their ^cciTtion mdiuprf 
mort tlnn 9S per cent of w iter is reduced Con«o<iiienlK themuenu immhnrc 
It tlic hick of tlie mouth ind m that part of the plnr\nx tliroiich which rtspi-nl 
nir mu^t piv, is %\cll is food hccomes unp!ca<«antK dr\ and the ’‘ciK'ition of 
result*? 1 he demand for w ater liccomcs «o urgent that it nn\ lead to i hfe thI 
death ‘stnipplc 

Jt is comeinent to iWribe the stnictiirt of the ‘suhnnxjihri ami to note n 
passing some of tlic clmf difTerences lietwccn it and the pirotid and ‘luhlm-^u! 
gl mds \s indirited m figure lOS the ‘iccrctorv cpitlichuiu H amngetl in al\iih 
whuh \pjH*ar either hght or dark in '^Krtions stainwl with hematowhn and ia>sin 


1 1 ( lOjs —Section of Euhniaxilbry gbnd X to® 

llu (lilt in iummii alrcoh nnd tliei arc in the Tniiionti In thfta I 
iou< 1^(11 \\]ii<]i in the setrifon anUtcihntH of the mucus an not promo 

lint hi Hfipnipnitt tftliimptcs t/ic antccw/cnfi tin In tijiinl wdi t ^ ^ 

tint the iniKs i, 1(11 ijip, ir <1 irk nnclloulwl with gniiulis and tin 

look light I lit iiiuii 1 of these niueous ctlh an flattoiinl ag'nn t t ip 'I'p ^ 
nil inhruifs if th, ilt,,,li In the <(uhlinguil then art imm fiiticouiaio 
in tin pirotid fill if ,n\ i.«. 

Iln f rj iif airr h n inrtil more strongli hi iKimtoTilm an' i 

mil'll III n mmuroii Ihi. rmtki of tlic 'certton ttlh arc roognh p f 
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their cnoplasm is colored eosin. ’\Tlien special methods are employed secre- 
tion antecedents, in the form of “zj'mogen granules” are re^-ealed in them Some- 
times the serous cells do not form a complete serous alveolus but are applied as a 
“cracent” or “demilune’’ to one side of a mucous alveolus. This Is miiioatea m. the 
figure lOS in vhich the serous cells of the crescents are distinguishable from the 
mucous cells by their spherical nuclei and deeply staining cj'toplasm In t.Oe sub- 
lingual gland the crescents are more numerous and in the parotid they ^Te ahs-nt 
The structure of serous (z}*mogenic or albuminous) cells is considered m detail in 
the chapter on the pancreas. 



< ^b'eoli discharge into narro'w. thin-mailed ducts vhicii are caiiei 

because they are interposed between the alveoli and tlie larger more 
m ducts. These iniercalafed duefs are seen to better advantage 

lu'fT which they are much longer. They are absent in the subiiccuai. 

tube Ihmn. a lumen first catches the eye which is clearly that or a delicate 

of abf t ? mounded alveolus. The cells which border the lumen are short and 
'rrl height as their nuclear diameter. Their c’^toplasm looks ckar 

hut faintly. 

cannot be easily overlooked. They are much larger and 
rich i epithelium is one cell thick but the cells are large, their nuclei 

pbih'- strb ^ spherical and their cytoplasm evliibits intensely acido- 

'ubaP . 'hrccted toward the lumen. Some writers call these ducts. =tnatcd 

tbrnu^'ii t) Vt ^.'hlence that water, from the surroundinc tissue fiu'd i- pa'^ed 




‘'Uchti * . . inai water, trom the surroundinc tissue nu'o i- 

> ^ lumen and iMaximow and Bloom .^ucae-t. calemm ‘=..k = 


^ecs of ducts, marked by this distinctive cytoplasmic striati 


on. arc 
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found m the «;ublin{iinl l)Ut thc\ ire abundant m the parotid Notluns; of the kiM 
occurs in the pancreas \s the secretion leaaes the -^centora duct*? atul niove^ 
tow ard the mouth it enters larger excretory duets which are not striated ITic kmj* 
of ducts of the three glands are represented m figure 109 

Ihe Mliiarj glands enjoj abundant blood and Ijnnphatic ’^upphi^. whah 
however sliow no «:pecjal feiturcs Tliere is no evidence of homio/ial r^uJitum 
Control Is effected bj the nervous svstcin It mav not be simplv a question of 
vasoconstriction or vasodilation because, ns Stormont has demon tnteil in the 
rabbit s subinaxillarv both sv mpathetic and pansvmpathctic fillers pav dirrcilv 
to the cpithtlnl components and are distributed differtntlv 

To illustrate the effect of fright on «aluarj secretion Cannon referred to the erpcnffct 
of Dr Ilarvej J Howard when he thought that he was going to be hot hj Manchuna 
bandits In de cnbing his ccnsations Howard wTote M) longue began to swell andirr 
mouth to get drj This thirst rapidlj bccameuorscuntilTn} tongue clove to the roof of mv 
mouth, and I could scarce!} getmv breath The thirst was choking me Inannt 

terrible state of fear ' Rut he pra}ed for strength and Instantlj mj thirst began tn il «• 
appear In Jess tJian a minute it was enfircJj gone and I nar (lerfecf/r 

calm and unafraid 



Tongue Ihis i tht stlcctor of food the director of j d, 

pniicip il spriki r ill in one 1 lie (pitlulium of the upper surface and •!' 
tongue <li(T( rs from tiu grntril epithelium of the oral t iv itv in four 
1 It t thitktr constructed or more la. irs of ctll^ ni«i "1^ 

- It u> more tightlv Imiind bv connective tissue flixirs to t/ic ^ ^ 

than m anv othir part of the digestive trict except tlie gums In t ie*ii' 



TONGUE 


151 


tlic epithelium may be said to almost float on the fluid and loose tissue separating 
it from the limiting muscular tunics This firm association is a useful feature 
because purposeful movements of the tongue are thereby communicated to the 
substances being chewed and lodged between the teeth with a directness and 
force vhich would be impossible if the epithelium did not follow every change 
in position of the firm tissue beneath it In otlier words, there is no slack to be 
taken up 



Mvcnv^ ah coll Serous alveoli 

Fig 111 —Sections of toluene of white female aged thiity-two who died fiom bubdural 
honionhago Fixation in Kaiccrhng’s Xo‘! 1 and 3 fluids II & E Cells of the iniwous 
nlunh (oil left) ate much distended with «ecrction antecedent and then nuclei are flattened 
furainst (he hasement membrane, while tho^e of the serous alicoli (on light) are not enlarged 
and ]io=-ess nuclei which arc more oi le,"- sjihencal Note that nuclei of striated muscle 
^lhe^■^ arc ))cripheial when Mewed both m longitudinal and transxcrse section (Barnes 
Hospital, No itX)3‘)B, ti'-siie gnen bv Ei B E Blow ell ) 


•1 Its siirfare is niucli ronglier. due to the projection from it of papiilie. which, 
like the Mill of the sinnll mtestiiie, gieatix increase the surface area lint arc not 
ab-orjitne Tlie jiapilla’ are nneliored to the tongue In strong jirojectioiis up 
into their core' of ronnec ti\ e tissue TIu.re arc three kmdb filiform, small, pointed 
and inoNt mniieroiis; fnm/i/oriii, larger, with broad topb, winch look redder because 
their cores arc larger and contain more \esseis, and circumvalloic'. largest, least 
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numerous di-po-scd m 'N formation at the back of the tonime and each ^urruucdtd 
h\ a depression into T\hich serous ghnds cmpt\ Doubtless thb irrejmhntr 
increases thcefRcicncj of the tongue m the propulsion of food 

4 Intra-epithelnl taste buds enable the tongue to di-scnminatc between ttci.1 
bitter, <iltj and sweet substances Tlic»e structures are located m the wnlU of the 
«:p ices between papilla; TlireearcpartK included in figure 110 Tliei archluntli 
pointed barrel-shaped bodies with their pale-stammg cells aertical to the tpufdal 
surface In the upper one of the two on the right the surface is seen to dip into the 
bud Close examination ma\ show tliattliecensnrcoftwokmds large supports e 
cells and small thinner looking ctlls each containing an clongitctl more def[4r 
staining nucleus and capped w ith a delicateproccss extending into the pit Impulses 
generated arc passed to the brain In the 7th and 9th nencs Age changes in 
taste buds haxe been workcil out In Are\, Tremaine and Alonzingo (1^3.)) lo! 
lowing injuries these remarkable structures cm be rogencratcxl (\re\, 1912) 



ilxatinn nnil II A E stain X 200 


Ileneatli the epithelium are small mucous and serous glands In the hil 
ah coll ripri~cnttxl on thi left m figure 111 the cella arc engorged with 
which IS ccili.rdl Iightls blue with liematoxslin The all walls arc in' 
the nuclei are Hutencd against the cell nicmhranes pniximatch t lat is 
from the lunu ii aiul iirir the ^UITOunfllng striatei! nuiscle filnrs It wi * 
that the nu< 111 of tlic-Nt fibers are near their surfaces , 

In the M n)us aI\eoIi on tlit right the cells are tjpi Jlh jtrufc’ 

with sixTetnm antia-nlents and possess«I of more sphe ciil nuclei ^ 
muscle fil>erH an nit in trnss se<.tion and the penphcnl ^ frtl u 

again apparent ( !o-.i to the lower margin of the figuic a tipical p ' 

Msible 



SUMMARY 


153 


The muscle fibers are disposed in 3 principal series; longitudinal, transverse and 
vertical. They are innervated by the 12th nerve, branches of which can easily be 
made out 

Pharynx. —Structural conditions in the pharynx differ from those in any other 
part of the alimentary tract because air passes through it regularly (see Respiratory 
System, p 207). 

Esophagus.— This tube (G oiso,! shall carry + phagcJon, food) serves, with the 
aid of gravity, quickly to carry food to the stomach. It is generally examined in 
sections in the non-distended state and the wall is much folded The epithelial 
lining is thick, stratified and avascular (Fig. 112). There is normally little or no 
absorption through it The proximal cells, near the blood vessels beneath, are 
smaller, less watery and stain more strongly than those distally placed. It is these 
proximal cells that multiply, shift toward the lumen and compensate for loss of 
cells into the lumen in ordinary weai and tear. A few glands are located in the 
connective tissue between the epithelium and the muscular tunics These secrete 
mainly mucus— the protector and lubricator of the alimentary tract The muscles 
of the lower two-thirds are of the smooth involuntary variety. 

SUMMARY 

The oral cavity, pharynx and esophagus exhibit a wide variety of specializations 
because they must perform so many duties. They stand between the environment 
and the delicate, more deeply lying surfaces of the digestive and respiratory systems. 
They are the main gateway to the body. The oral cavity pro^udes for the intake of 
foods, their rejection, if the signal from the taste buds or from the cooperating 
olfactory terminals of the nose is unsatisfactory, otherwise their mixture with 
saliva, mechanical breaking-up by the teeth and passage inward by the initiation 
of deglutition. Failure of salivary secretion causes thirst and calls for more water, 
Mhich is of all substances the most essential to life The teeth are constructed in 
accordance with the best principles of mechanics The enamel of their cutting and 
grinding surfaces is the hardest substance produced by living tissues The tongue 
and lips utilize expired air in speech. Protection is gnen by the various secretions 
and the character of the epithelial lining The pharjnx is adapted for the passage 
of this partly prepared food and air, while the esophagus ser\ es only as a conductor 
of the former Regulation is chiefly nervous, since so many muscles are involved. 
Maintenance, which is really another form of regulation, is also humoral for ade- 
quate supplies of \ itamins and hormones and essential materials are required, as by 
all li\ mg cells. The e-x^posed epithelial surfaces, except that of tlie dental enamel, 
are replaced when they wear avay by generations of new cells produced by cell 
division in the deeper lasers which arc iiackcd up by ^ivlf\lng blood ve'^sels that 
lie beneath 
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Food and drink arc pis<!ed qnicJJv tlirough the c^oplngu? mio the^ la»« 
se^tmcnts of the ahmentan tract after thcv hi\ e been prepared and fourxj 

desirable in the oral ca\ lt^ Because this is a pleasunWe ccpcricncc adequate time 
IS usually dey oted to it Thereafter dijrostion and assimilation bccortie unconvrtoay 
actjyJties nhich art earned on with less need for protection of the suhepididul 
tissue fluid The thick stratified rather impermeahle lining epithelium of the 
upper stretches gn es yy ay to a single bj er of cells yy Inch is continuous to the anw 
Abdominal Cavity —Uithin this caxity the stomach and nliout 2> feet of 
intestine as yyell as other y iscera, are accommodated Becau e of changes m their 
yolumcs eas^ shifting of surface on surface « essential This is supplied In a 
serous membrane the peritoneum (G penleino J stretch oyer) 

It 13 helpful for the «itudents before beginning microscopic ctudj , to male a 
fcopic caamination of the moyemenU of the stomach and intestines in one of their numVr 
and to get an idea of the gross relations of the pentoneal cayaty from teatbrob end cadiTfr 


Parietal (or yiall) peritoneum is applied to the inner abdoinmal Mali nhiieWh 
of M^ctral pentonium (mesenteries and hgiments) eatind out from the wall 
myest the most moyable of they iscera and carry to them blood y easels, nerycsanl 
lyanphaticb in the loose conncctiye tissue bctyyecn their two sheets 

The ometititm is a particularl) large peritoneal fold that re iches doimieard fn® 
the stomach and part!' coyers the intestines It has been referred to as ihe 
policeman of the bell^ b\ those yylio think that it is protectne According ta 
Povntcr (102S 29) the omentum can caen o hole m tlic stomach Hotlien 
berg and Ro^eIlblatt (1942) lia\e made fluoroscopic ob«ery Uions on dogs in Mhidi 
clips an<f thread hay t been placed in the omentum They find that it cdiiliu m 
intrinsic tnoytinent in response to the insertion of foreign bodies m the pentoreal 
caaitj and does not take part m the locihzation of orpimsms ISeither does n 
regenerate in dogs (’l\cbb and Simer 1940) ■\^ebb and Sinier (1W2) haypco" 
tnbuted vain ible d ita on omental lymphatics 

Aneacolltnt ind yicll illustrated account of the structureof intestinal penfonfuja 

has been contributed b' a Russian im estigator (Baron 19-U) Tlie pentonra 
surface consists of a single layer of '■mootb mesothehil cells Since 
substance bet'yeon them can be easily blackened by aqueous solutions of J 
nitrate it is a simple w itter to distinguish their outlines (I ig 1 13) . mt>- 

Immediatcly beneatli the mesotbeliura isahomogenouslookmg basemen m 

brane This Baron h is been able to isolate It is exccptionallv thick ( o 
in the serous coat of the stomach and is supported eycryyyhere b' 
m vrluchhedescribt> three strata a superficial yvay y collagenida'cr, 
unonented elastic netnork and a deep latticed collagcniclaycr nnna”*' 

The space bt-tween neighboring yiscera coated y'lth d 

only sufficient to pro\ ule room for lubricating films of -serous um 
this fluid IS the blood I n coming from the Wood stream it first < ‘ i ^ 

y ascular endothelium W hen m the evtraynocular situation i ^ ^ 

many other tissue fluid tliat fn'e been mentioned m this j>oo 
(IM) 
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hlosomccitcntreslnmedlii (lie/ibrousnelnorl.^ Tliercarc(lient»oaUcrra(,\t< 
It can be earned off In It nipbalic cnpilliries dihtol as suecintBl bt rullin-ersnl 
riorct <p S4) or it <-iti pivs on thmigh the hghl, pcmioable niBolWal nw- 
hnne into the perltonc^tcr^^l^^ which is distended 

There 'in ^me points of reseroWnnft. hetneen pentoneaf raftotliclium atsf 
\ i-scuhr cndothclmm Tlic cells of l>olh are closeU fitted together and cowtifute 
a continuous rneinbrane without tlwnonstnWe aperturts Betneen them walipf 
of cement substance It Ins bctii reportwl that pcnneahilit\ of Mscubr rnd>- 
thclium IS gruitcr alon;r tliese lines of fusion than through the subsf mee of (he tWh 
(p 07) The same rm\ hold for mevothchum Biron has emplnsizwi the fart 
tint when mcsothelmrn is stretched b\ dl^tcntlon of an orjrm coieroJ hi u t^e 
cells spread oacr n larRer area become therefore thinner and the prc\iou.di 
lines of cement substince between them are ironed out and stretched llTiena 
(apilkrs dihtcs the cndothclmm thins and is known to become more permealJe 
I’robihl\ the interedluhr lines are simihrh stru;thten«l IMth smtrhw? if 
mosothehum a like increase in permeabdita is to be anticipated 



1 K 1 1 j —Interior of the stomach (Graj s Anatom} ) 


UegiDti il pi I nil inties. exist in mesotbelium as well as in endothelmm 
cells coNtiini. tin i)\ ines are not flattened butcubovdal cvencolurnairin'hij^ 
the rcuti u nt rm*«otheInl cells covering the spleen to vital dves di'^er frrtn 
rest and ' rjitiim from the omentum is particularlv rapid It » in the ooietit-ia 

that fat 1 ni( t likilv to accumulate Cunningham (1920) found that on 
theliraititiL. ‘ ill beciiine first cuboidal then columnar, and that a con$j<lcra ec-^ 

ber desqu 1 1 1 1 1 ti i nto the lumen Tlie defense is hv pliagocv tosis «* m “f 
of the hill- I h re also there is controversv as to the origin of the p 
Some idt riiih ?lii m with the freed raesothelial cells and others with wu 
ocv'tes I ' id lel! of other sorts also enter the area The 
intraperit d injt i turns of egg albumen and other suhstanew have . 
gated b} W It > I'td i vnd after injurj caused b> asingleervthenia 
raj b} Afii f I'hd both in the omenhim Thephagont«api« 
mtravenou M I ruma ([ ig 114) Replacement of an area deiiiww 
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is effected by the same hj^pertrophy and proliferation leading to a spread of new 
cells over the exposed part Unless this happens promptly, there is exudation of 
blood plasma, the submesothehal fibroblasts become activated, connective tissue 
fibers are formed and adhesions de^ elop Prophylaxis against adhesions is a very 
live problem (Boys, 1942) It is important to remember that the peritoneal cavity 
differs from other serous cavities (pleural, pericardial and scrotal) by potential 
openings to the outside via the Fallopian tubes 

Stomach. — Memoiy of microscopic anatomy soon fades unless it is related to gross 
anatomj'- and both are actively used together m the interpretation of function The pioper 
approach is to see the stomach m motion by fluoroscopic examination, to study the gross 
structure of a fresh autopsy specimen, to attempt to dissect it and to examine small pieces 
microscopically, and then to work out the details in stained sections 



I'lo Ilf) —Microsteieoscopic view of stomach nail Schematic Cr3^)ts, black, glands, gray 
(Fiom IMaximow -Bloom, from Braus, Anatomic des Menschen, Julius Springer) 


The internal surface is illustrated in figure 115 and a micro stereoscopic view of 
the nail is presented in figure 116 Passing from nithin outward note folds in the 
surface epitlieliiim and the gastric pits in the iumca vivcosa. Into these pits 
tubular glands open. Between the glands is the Imiwm 2 >i'opna made up of 
reticular connccthe tissue, blood xessels, tissue fluid, etc A thin layer of smooth 
uui'-cle. knonn as the mmntlau'i vivcosx, separates the mucosa from the Siih- 
mvrom In the submucosa arc the large blood \esscls and the jileriis snhmticonts 
(big 1.35) embedded in loose connectixe tissue and cushioned by a little fat. The 
iunira rtiusnthiris typically consists of inner oblique, middle circular and outer 
htugitudinal muscle fibers The pfcru.t 7Hi/ritfcrirj/s' js placed betneen the two last 
named A smooth and slijqiery (tniirn Krosn, composed of mesothelium limits the 
cxternnl surface 
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Bv cantnctions of the mu cics food ind drink ire miwl up with jn^tnc ju<y 
T lic mucus secrctmp cell uhich constitute the epithelium of the ^urfice and the 
walU of the pits irt appirenth similar throughout the stotnnch Tlie mucus is 
protectnc Alillerind Dunlnr (1932-33) hi\c cilleil attention to relief of patart' 
with pastnc ulcers hv feedme mucin It u. the cells of the pits which h\ multiplui 
tion ind shiftmp bring iliout the repair of injuries V careful con uleration of tl e 
glands is necessars to localire thesite^of production of component^ of ga«tncju!rr 
I nfortunateU the nonunclature is confusing Ihcrt are three kimh of ghnilt. 
cirdiac gastric and p\ lone 




Mat! tf 


Ft llmfl 
nvU* 
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Fio 117 ( ccliiin uf cardiac glands of a monVea Formalin ZenVn fisiti'ia 

mucicsnnne and iron hnnatonlin lam X 

1 Tliecnrdirtcfffuorf^arenot as one might expect locatwl m the cardiac 

•if llie tomacli lln Instead the\ oi« restricted to a small art*® 

mucous menbrane etioixiing not more than about 4 cm frmn the 
rv phagus w ith the sinm ich In preparations stained w ith imieicanmre t 
Serf! that their rells contain muCTgen and that their nuclei are ftittrri *2^ 
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basement membrane (Fig 117) Not infrequently the cells of the deepest parts of 
the glands contain less mucigen than those nearer the surface 

2 Gastric gJa 7 ids, or bettei the inmcipal glands of the stomach, occupy about 
h\o-thirds of the mucous membrane, that is all the remaining aiea except for that 
taken up by the pyloric glands of the pyloric region. They do not, like the cardiac 



Parietal cells 


Binxtclcalcd 
parietal cell 


Shnnkaoc 

spare 


7 amca 
propria 


Basement 

membrane 


Lumen of 
gastric gland 


Pepsin erll 


1 Ki. IIS -Castric glaiuK of fumhis, hunuui Foiinalin-Zcnkcr fixation, H it E X 5S0 


ttlaiuls nx-tMuble the e^njihaccal uland<^, or like the pxloric glands re'-omble the 
bninner’s glaniK of tlic duodenum Thev are more diMinetix ely stomach glands 
tban either of the other two becau'^e lhe> produce the characteristic see rctions of tlie 
"'toinath. pepsin and h\ drochloric acid. To call (hem finidtr tihind't, as is commonly 
done, IS misleading since then occupx a nine h x\ ider ai ea than (he fundus 

liie form of the gastric glands is indicated to the riglit m figure 11G. Their 
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necks open into ^stnc pits which arenther^hort Such pits are il<o shown oi the 
extreme right in figure 120 The bodies of the ghnds stretch n considerable disUcrr 
parallel to each other xerticalK into the hmma propria Tlieir proximal part* 
near the musculans mucos'e branch and lose the parallel arrangement 

Tlie presence of panetal celh m large numbers is the best diagnostic feature 
ga«tnc glands These cells are easiK recognizable in onlmara hematoxslm arl 
CO in preparations (I ig llS) Their cxtoplasm is acidophilic and stains slrenjv 
with CO in Parietal cells haxe a roiindwl bloated appearance m contrast with tlin 
smaller ncighliors the name suggests tlicx are tNiiicalh wall cells (L 
wall) with largest surface next the basement membmne and a w«lgc*likt part 
extending to the himtn This relation is further prcscntetl m figure II*) Ihit tic 


t " 

1 10 lin-Nrsitivc ( 1) and po^itnc (B) pictures of the mlraccllular caiuliculiol r»/^ 
rial evil I •'oction of gastric gland of a monkej stainnl 'Mlh iron hrmaloylm 
cliiff cell contain black zjTnogcn granules and the parietal cells exhibit a 8}'stem of iia<v5 
epaeva wbidi eaimmuntcato wath the lumen (Uedraam from Maximow Bloom Tea 
Ih tobga ^\ n ‘launders Companj ) ,i / n t ir.e- 

H 1 n itne Colgi impregnation of the canaliculi of the panctal cclw of a ra . 
drawn from I Icnk 103 > after Golgi IS93) (Plcnk Handb d mikr Acat ti urr 
(a Mollend >rfl ) 

l>est wa\ to show p metal cells is In supnxital staining of still hamg mucous inrn 

brane with neutral rod or rapJithol blue as descnbeil b\ Ifnracs oa< 

(1012) Ila p«nl techniques canaliculi can be demonstrated within t 
plasmwhicheonacrgenndtmpta intothelumen 'rhesearcthcyllsrej^ai' 
the pn'duetinri of hjdrochloric acid Cunousls enough in inonkcsJ (towi o 
•^itt PHu) 'M-)rne humans (Dotnges 193S) and several other specie* 1 
the homes of app irentlv benign spirochetes . (fv-f 

\iiother eharactiristic of gastnc glands is the pre'ence of man> 

ctlb whieh eirtamh manufacture pepsin and had Inttef simp ' 

j-rjlir rrllj I i-un 120 is instnictne It show s in the first photo s 
gastnr gtards in which tlic secretion antecedents have been speemea 
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mucous cdh V imcstigntion of imjcou'. p]im}^ tlmnisrhout the Ki.]; 

Ins been mitic Chra (1940) 

Lrease Ins been measured «n the pjp s stomach It occurs m tlu surface a 
neck celh of the fundus ind p\ iorus attaining a matimum in the forme r 

1 Pijhnc gkn^s differ m structure from the gistnc ones Tiiev are nudj 
shorter occiip' mg onU nbout haU the depth of tin mucosa, the other luU actwta 
modatmg gastnc pits rrhich are fonger than m an\ other region of the stomach 
Tlje sccrcton. cells produce mucus awl resemble at least superiiciilh those of df 
gastric ghnds and of Brunner s glands of the tluodcnum In pigs these rolls nhi) 
more than four times as much peptwlast actiN itN as the peptic ccl!^ of the gutnv 
ghnds and approximatclj IflO as much pepsin But t'pical peptic tills are IX 
parietal Cells gcnenlh absent mp\ lone ghnds 

Though these three ta^pea of glands has e been d<>crihc<l mdu uhnlU graihliori 
bctu ecn them caisl In the zone of transition from cardiac to gastnc g1ar<b t’ ^ 
pits become shorter, the liodics of the ghnds become striightcr and peptic aisl 
parietal cells inert ase m number, while in that from gastnc ghnds to pi lone cm 
tiic pits become much deeper, the gl mds shorter and less straight and the p<pth 
nnd parietal cells disappear 

Mention has been m tde of tlie cells conarned m the production of mwiN 
ha (Irochloric acid renmn, ptpsin nnd dipeptidaae 1 ipw occurs m the surfjrr 
epithelial cells and m the ctHs lining the gastnc pits in almut the same conn ntntwtii 
in all parts of the stomach The intrinsic nntipcmicious anemia factor and entcro- 
cliromaffin cells are mentioned later (p 16b) 

Small Intestine— 1 Txamme first a comparatiicb fresh human intestine Dhlri 
Mimient hr pu«liiflg a test tube ofappropnafeeizc into the himcn As reportoj hj Ilarwilfr 
nir othcliiim can bo loosened l>y wmplj wadimR the surface for ten to Mtti'n tmnutr* n 
runtime untcr Tr\ torcmo'CitasashcetandeaamincnwcTOscopicatlv Slop off the rr«t 
of t fie (•! ro'-a then the inusculans noting the direction of fibers and leai mg the jnucwatft*Kt 
Trthp Muall piecia of muco a, mount tlwtn in ph\ lofogical sahne solution in tic «!' 
(laiuin at low mapnificition Fmnlh with dissecting needles pick out mdindtiRnaUiaa 
stu h 1 ilh oil unniersiofi objectue To obtain a clearer conetpt of • nglc mu«rlc n'^ t'' 
fjiaii rale iiiie«tinpon the tulioin 15 per cent a<i nitncaeid two to three Thru wp* » r 
ibnji l1 frhiiiqim p 178) , , 

2 Puaij Ptbe rooemrntsof the uJb are quirJdy suppressed b> ' 'o 

make a w »le ujx*ning in the jejunum of an ancsthelucd ammal and look with nsM 

the III Miiient'* ilt-cnbod b) King and Arnold (1922) King Arnold and Cnitrcn (I ) 

\oii K ka It should la;po«>sibIe to see rhjthmic hortming knjrthw' 

lateral waaiiig The length and tape of mUi can be ntternf in rats hj unfiisctfi 
lUiprla PM’) 

1 1 >1 ttuxi'itfalion of the absorption of fat has Iwen mentioned (p 81) 

Hu appear moo of the small intestine depends upon wliethcr it w id theo ^ 
tnrtnl nr diiicniftHf stale (I ig 121) Moreoxcr mo'^t microacdptc prni'i^’" ^ 
hum in )nf» arrf«i/lt» 1 kvi««c dunwg the grots < i tnc\ la'^ 

w i luat mil with w iter and sijIjjMlcil to consuh ruble traumi Thctiirt i> 1 « 
nrexinutimeH r\» ii scrapeil off /•«•}'" 

Hi* cemnl structure nsiK MsiWe with a timd hns fl'' 

wluth 'Inniltl li{ laiinpared with a sjmihr figure of the stnmneh (Hg 
intern d ijrfiii i h-sa sr»<K»th hecmwit hat mnni dehnti ^ 

the lumti) if Till, tufts of hair) Intr^lmnl gHnds (pit^ ^ ^ 

I lelMTkiiijfi’i oprii III tht roots <»f the \ lilt The rttJcuhr framework ^ jj 

tie I dll iifjd Intutan tlir plindH K ipiin Itioon »5 tlic UmiM P"’l“ 
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folds of mucosa (plicfc circulares) project into the lumen Thin sheets of muscnhns 
mucosx extend up into the plicm and beneath them is the snbjmtcosn. Then come 
the circular and longitudinal muscles, which are thinner than in the stomach and 

slightly spiral in arrangement (Carey, 1921a, Goertt- 



ler, 1932) No layer of oblique muscle is present 
A serosa limits the wall. 

The small intestine, like the stomach, is divisible 
into three segments the minute structure of which 
grades gradually one into the other. Throughout 
its extent the small intestine differs sharply from the 
stomach in the possession of x'illi and in the char- 



Coniraclrd Distended 

Fig 121 —Shows ho\Y difTeront the structure of the small intestine is when strongly 
contracted and normally distended with food material X 80 (Redrawn from Johnson, 
courtesy of Am J Anat ) 


Openings oftlio intestinal giands 
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I ir. 122 - Storrmmm)'f(.)iic \icw of intr-tin.al wall. Fcluiintic. (From Maximow-Bloom 
rrdniwn from linin'^, .\natoimc d(“= Mcn^ohen, Juliu'' f'prinaer ) 

ait.T r.f the mirfiin ipiihlhim In jlu- sfonuuh the surf.ifc Cells except for 
"! ( .I"-.!!!!:!] d< .td ,ui(l (h iiic ones .'di look ,ihk«- ami are engaged in the same prni e<s of 
gr.idin! Msrction <>f mueu- In the inti -tine, on the other hand, tlic cell? are 
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duisible into t^vo categones Hie first form mucus but before its rxpulioa 
cn masse on completion of the secrctor\ c\cle the^ become greatU di^tfinlol 

(Goblet cells) Thc’i are illustnted allow mignific-ition in figure 12S Tlie<«t.p<l 


Fio 123 — Mitochondrial changes during fat ab'orption bj the intestinal epithelial cfHi 
of white mice re\ealod bj the Champ) KuU technique d Normal control contamir' 
man) mitochondna D and C Two stages of absorption Note decrease anil granulstica 
of mitochondria increase in fat (large gra) spherules) and moi croent of nuclei anar from 
the lumen (Redrawn from ^cuier, Ztschr f mikr anat For«ch) 

ire more Mender ire cbnncterixed b\ theposscsslonofnnc^cnl^ striated (oJticiihr) 
border nc\t the lumen and sen e primanK in absorption from tlie lumen of water 
and aarious products of digestion (absorptive cells) \\ater is not ab«orl>e<l b' the 
p istnc mucous membrane as nauseated persons know full well whereas almhol » 


I ir 121 —Inflticnccof MtaminDdetlciencyonduodenalepithcliiimof rat< A j 

a Mtamin fre*» diet 11 a diet containing Mtamm D (Rcdrawai from Mottrain ram 
Drew Rnt J Fipcr Path ) 

alw n\ s quit kl) nbvorlHal ^oriic mitocliondria! tlmngcs during abviriilion «f 
hown in flpire lii ind modifications in transport of fat m \ifanun D dc icicnev ^ 
rrprc^nitMl m figure 121 In the absence of vitamins the fat seems to ci^ 
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tlieon5> one not connected b\ aniesentcn Uitlitliepostcnorabdominalwall Tan 
of Its anterior and literal «!urfacc is liowexer coicrcd with pentonciim aiv! t\]> 
sequenth this part Ins a ^crous coat A feature of the duodinnm is the prcMTcr 
of Brunners <}hniis located not like tlie others m the lamina propria Imt in the 
submucosa Their ducts pass throuRh the mu culans niuco«'e and di'charj:? inti 
the pits as mdieatwl in figure I2o Brunners glands decrease in size am! miml>cra« 
one passes toward the low end of the duodenum In some sections of the lowff 
duodenum none maa occur The cells of these glands are chicfli vium pmjtrfn 
hut the I indcrstrOm I/ingteclmique rev cals the presence in them of somcenzvanes 
77iei contain a little pepsin whereas no jiepsin is found m the epithelium of tie 
pits and \ illi and a little more dipeptidase and much more aniylase th in the rpi 
thclium of the pits and villi Inthcrat which has no serous alls amvla'ewrrt 
present at the lev el of the glands (\ inGcndtreiiandFngtl 1G3S) I idr llolx-rtv'i 
(J941) on pathoJf^v of Brunner glands 





Ifu 120— Ilij-sioIogidlclianResinrancthccUs 1 Guinea pi?«/lcrlnrot>f 
fast li fame MV hours after feeding Note slinnkago of I’anelh cells anil uw 
rj topU mic granules (llpdraw-n and modified from Ivlem Am J Anat ) 

\t the 111 cs of the pits especiallv those mto winch IJniniiers 
iqien an i ftw Panctk eef/ji clearlj mark«l h} manv firgt cosmop » ^ 
wiigrogitml III the ilistal cvtoplasm between nurlcus and lumen , 

have the nppcirancc of secretion antecedents (I ig J2G) b»it Oie pj 

sccntion lia not bten cstablishcil Literature on the subj s’t is cntica \ 
bi the Mncklcns (W32) , 

Inntlditiuii tu thc'c four kinds of cells ((mblct and nbsoqitive of su a 

of Bnnmcr s kI »nds uml I’aneth of thepits) isa fifth ntl ^ 
mtervrhnmnfln Iks lu o it intestinal and gives a posi le enruma " , 

(p IJl ) not unlike tli it of the mefJuIJiij cells of the adren. I To emp o 

argcntiflin olU un^.ltlsfactorv for tbereason that such a wi< c van 
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.'incl cellular components enjoy an affinity for silver Normally these cells are of 
extremelv rare occurrence but are said to be most numerous in the duodenum near 
the p> lorus In searchinc for them in ordinarc* preparations bear in mind : (1) their 
parietal position next the basement membrane (Tig. 127): (2) that they occur 
singly, that their cytoplasm is studded isuth fine granules, which may have a faint 
\ellow cast in tissues fixed in fluids containing potassium bichromate; (3) that the 
granules are often concentrated in the cytoplasm distant from tlie lumen, not as in 
figure 127, and (4) that figures, useful in their identification, are to be found in 
paper:, by Jacobson (1939) and Gillman (1942) These enterochromaffin cells were 
prominently mentioned in papers by Masson (1928, 1930) in connection with the 
origin of argentaffin tumors of the alimentary tract. Now. on rather slim evidence, 
it IS claimed that thej' produce the intrinsic antipernicious anemia factor. 



Fig 127 — Physiological changes in entcrochrom.afhn cells of the guinea-pig's jejunum 
I. Twenty minutes after injection of pilocarpm, B fifty minutes after similar injection, 
fllamperl Zt-^chr f mikr.-anat For-cli ) 


Iliif(roLnio'<r. the en/vme which actuates pancreatic enzymes (p 184). can be 
traced to the duodenal jiit-; but wliich cell- manuf.itUirc it remain^ a nnstery. 
tilK k (in 14) has measured lipme aetu ity and found it to be greatest in the \ illi but 
f.iirlv -troiig in all p.irt^ of the rnueo^.i That the horinone> wrrfm and choUnj^io- 
Ifiin. are produced in the diiodemun i^ elc.tr but the cells of origin cannot be 
^peeifuHl 

I he scioiid ji.irt of the «inall inte-tine is terineil the jrjwntipi since it is often 
found empty after de.itn (L jt jjniii'i, einpt\) It h de-crilicd by gross anatomi''t> 
.i- tommcncing at tlic dundenojejiina! flexure, but it^ beginning is not shaqih 
nnrkal b\ .t change in mhro-cojut structure of the gut It inrhide.- about tw(*>- 
hfili- of the rem.nndcr of the ^m.'dl inte'-tinc the lower ihree-fifth-< being ileum 
Biunnir's glands ma> extend a short distance into the jejunum but they are t% 7 )- 

ic.dl., ab-(n1 \ illi arc usually longer .ind the pits sonu-ajiat shorter than in tin 
duofifaium. 

•1 h.e third segment, -b-m/ ((4 nhn, ] roll upj is distinrtlx coiled. It ext. nds to 
tut i!.s.ctc,d spinntttr. Diptjuidase h.-s b.a._!i nieas-ur(>d and i- siid to be nrodutxd 
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w tho Pnncth cells Vccording to Bl*ischko and Jncolwn jt ^JionJd Iw' clvdinl n 
dop« and cats uliich tl^c^ list as not hiMns Pincth ccll> Its stnicturt‘d:Pmo’-J> 
<!lipljtl\ from tint of the jejunum L^mplntlc tissue is mon promintnt and nvt\ 
take tlie form of Pexer s pitches Tlie<c arc ims^cs of lUKhiles within the tin-ea 
proprn usinlh on the side of the intestine opjwsite to the tneHnten ami are 
cisilv rccopnirahle In pcncnl the ilouin is narrower has tlimiier wall 'horfrr 
h«s numerous circular fohU m the mucosa and is le^s \ascuhr than thejrjunu-a 



I)ut the jnttt m nf LIoikI i es eh h the same (I ip 120) ‘ It h not enc r 
stiid<nts on tlje InM^ nf Init a few hours •<tud\ of the *maU inti^tinc o n 
*ections <jf ili(T( n nt p irts unless thtre ore present oh\ lous clues as for in* 
deielojMsl Ijninmrs cIukN Poor s patches a clip tlirouph * 
hi!e papilla marking tin (ijh rmip into it of the common hile and fianerra 
or parts nf tJu p\I ru nr ileeicceal sphincters 
^Ie^ 1 ei s cji' erticailum u a hnecr like nroccss 


f tlu p\l ru nr ileficceal spliincUrs . 

* di' erticailum u a finger like process found attached to ic 
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3 feet above the ileocecal valve in approximately 2 per cent of indi\ iduals. It is a 
vestige of the original connection through the umbilical cord ivith tlie umbilical 
vesicle, is lined with epithelium and is seldom more than 3 inches in length As a 
blind pouch, which may loop about the ileum causing 'Jtrangulation, become 
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Large Intestine.— The gateway to tlie large intestine is the ileocecal valve- 
more accurately the ikocccaJ sp/nucfer— just as the small intestine is guarded by the 

p\ loric sphincter , . again there is a barrier, 
not only between the contents of two portions of the 
tract, but also between the peristaltic waves on the 
two sides, again this barrier between activities on the 
two sides is not complete; and again it appears to be 
due mainly to a folding of the muscle layers and an 
interposition of connective tissue” (Alvarez, 1929). 






Contracted Distended 

Fig 1.31 — Effect of contraction and distention on structure of large intcatine of tlie gumea- 
pig X SO (Redrawn from Johnson, courtesy of Am Jour Anat.) 



In.!.!-' Ap;>. iid,\, innn-.n ZcnW-P.nnalm H A E x 70 


I hr plan n! anhitraun- th.' Mine a-- in tin qoiimrli and -=inali inlestine- 
muo^^a. inu-uilar.^ muto-re, suhmuajsa. mmtularb and scrosa-but, .since the 
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functions <5en ed are not the same the^ basic components cxlubit regional sdapu 
tions Though the contents are rendered less fluid h\ remo\ al of wattr, absjrptma 
19 less and m11i are dispensed with Need for lubrication is incrcniod and mudi 
mucus IS produced nhich also ph\sn role in gtMng proper consi tenc% totheffen. 
Mo% ement oni\ nrd is slo^ and hesitating Alaterial accumuhtcs nml tin girth of 
tlie lumen is greater than that of the small intestine Decomposition b\ larteml 
action is a normal occurrence I \Tnphatic tissue is abumhnt in the hmina propns 
espcci ill} where the contents stagnate 



It %m 11 III renlled tint there arc/Arfcpnnnpal sali\nr\ gl intis In tin stoiiiarh 
three t^ pCN of gl inds occur mil m the small intestine three 'sogmenls are rrcopiiM t 
cctuin colon ami rectum Ihc appendix— a useless appendage nlna^9 present- 
reminds n't of Meckol s diacrticiiliim of the small intestine— an unwanted 
tion nrcl\ prisfnt but also sometimes proiluctuc of trouble for the owner e 
nppinrance tif the wall of the large intestine dt pends upon whether it H 
or distended but the expansion represented in figure 131 is greater than t a 
commonlv ■setii . 

The cecum (I rxciis blind) is a blind pouch whieh hangs downwart J 
alxlomm bilow tlie le\el of the ileocecal sphincter Its mucosa resem ) es Ji 
the colon and rectum and will be descnlieil under colon Its lumen is m ^ 
because tbc longitudinal mu clc is exaggerated in three bantls or ta’niff ( * 
n nblxin) w Inch are shorter than tbc Iwwel would othens i«e be Tliese baru i m- 
\erge to the point of origin of the appendix jj 

Tlie appendix is a worm like process (xermiforraLs) attaclied 3 

the narrow lumen materials mn\ lodge Tbc mucosa is similar to that of t e ^ 
except that then is alwnss a cxmceiitrition of l}inphatic follicles .. 

propna well de\cloi>ed c\en at birtli Panetli and enlcrochromanin cr 
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occasional findings Cate must be taken not to confuse tlie latter until macro- 
phages containing phagoci-tized red blood cells, which give to their cytoplasm a 
yellow color. These macrophages differ from enterochromaffin cells by not being 
located within the epithelial layer and by the yellow material not being finely and 
uniformly particulate. Eosinophilic leucocytes are normally quite numerous In 
old age the appendix shares in the limphatic atrophy and its lumen may become 
occluded by fibrosis 

Tlie colon is the longest of the three segments and the one most commonlv 
painful (hence the word, colic) Note, in passing, that pain in the alimentary tract 
is chiefly occasioned by the stretching of 


inflamed tissue already swollen by infiltra- 
tion of leucoc^les and increase in tissue fluid 
(edema). The intestines can be burned and 
cut witliout conscious pain The heroism of 
Japanese hari-kan is mostly limited to the 
anterior abdominal wall. Xaked-eye inspec- 
tion of the colon shows on the external sur- 
face the three tamiie and fatty projections 
(appendices epiploicre). The lumen is wider 
between the ta?nire and is seamented into 
saccular dilatations by plicie semilimares 
The mucosa is quite .smooth On microscopic 
examination many pits are seen which extend 
straight in from the surface (Fig 1.33). !Most 
of the epithelial cells arc of the goblet \ariety 
but some are absorptive and po'^'^ess thin 
striated cuticular borders In the lamina 
propria are many l^mphocytes and their 
plasma cell derivatives I/vmphatic follicles 
arc not uncommon The grouping of a large 
fraction of the longitudinal mu^tcle into 3 
londtudinal tieniae ha'^ been niciuioned This 
a conqiicuou^ feature of iransver-e ''cctions 
mchiding one or more tajuiie Wlicn the 
luing colon, or any other part c)f the tract, 
is exposed to the air. or is rubluHl. tlie muscles 
contract and contraction bands are apparent 
in st.ained sections Thc.se are veil .shown in 
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Fig 1.34 —Contraction bands in 
smooth muscle of human colon Zen- 
ker-fonnalm, II tk E, X 70 


figure 134 \Micn. on the contrar\, the gut is fixed a considerable time after 
<icath. while in a completely relaxed state, the bands are not obsened. Divertic- 
uinsis of the colon has a definite age incidenfc; we.ikcning of muscle and elastic 
tisMic IS iirobahly one factor For the very important changes with age of t}n\ 
and other parts of tlie alunontarx tract see Ivy fin 12). 

1 he rrrhtr, (L rrrld^. straiglit') i> a stniightf r part of the large intestine extend- 
ing to the anils ?aceul.>tions in the w.ill arc absent; but there are three, nr c\en 
four trensyr-«' fold, of tiu' nuKo-a, supported In cirtular inusclc. which tend to 

hmdhirkthr fere. Tim lower p irt. or ainl canal, show . loijgitmlin.d folds bnhmms 

M Morgagni', and the muthchum b(comc.- stratified. The inner .sphimter i. of 
smr,otn mm. |c rim outer one i- , ompo-..d of striated imi-cle - the first to occur in 
t iC rcc ipc upper p irl of c^-oplipcu? 
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LOWER {LIVE\TAR) TRACT 


Tins brief nccount Ins onh included •» fe\\ of tlio <^tnictunl properties of t'-e 
Josser ahmentw tnct of tlie kind tint the students enn see in their prepantm-s 
supplemented l)\ a cursors examination of gross specimens Data on wnou< 
control are best assnnihtcd m the courses on neuroamtomt ami pli\-sir>losr% w 



which thc\ are Imkwl w itli action But the students p[ nil t^c■^ 

cells in the submucous and maentencus plexuses (1 ip ,_i,rtitt (' 


cells in the submucous and maentencus plexuses (1 ip O ’ j'' 0 ) %\ 1> 

slides Tlie blood uppU is of the same general pattern throupl ^ 

a easels parallel to tlu nni'cle filters in the tunica imi'cu Jri _ portion of 
in the submuco a and proceeiJing acrticalh into the mucosa 
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histological course should be dynamically concluded with a second showing of the 
movie “Mesenteric lymphatics, their conduct and the behavior of their valves in 
the living rat” by Dr Richard L Webb of the University of Illinois, College of 
Medicine 


SUMMARY 


The stomach is a large, mechanical mixer and secreter of digestive fluids Entry 
through the esophagus, of food broken up and partly digested in the oral cavity, is 
guarded by the cardiac sphincter, which, however, accepts evervdhing offered of a 
size able to pass in By rather feeble contraction it prevents regurgitation, being 
helped by gravity, for fluids are not so easily pushed up hill as down dale Exit is 
guarded by the much more eft’ective and discriminating pyloric sphincter. This 
second sphincter is nicely regulated Histologicalh' and functionally it separates 
the stomach from the duodenum and enables each to perform its duties without 
interference. Because it allows the contents to pass to the duodenum only after 
jiropcr preparation, which takes time, and food is taken much more quickly, the 
stomach also must act as a temporary storage mechanism. The epithelial lining 
consists of a single delicate layer of cells— very different from the resistant, strati- 
fied epithelium of the oral cavity, pharynx and csophagus—which is folded and 
invaginatcd to form cr\pts and glands This produces mucus, pepsin, hydrochloric 
acid and much water for dilution The muscular wall is built of three layers; inner 
oblique, middle circular and outer longitudinal Waves of contraction churn up 
the contents jMotility is facilitated by an outer, moistened serous covering which 
minimizes friction on adjacent viscera The stomach protects itself, and the body 
as a vhole, against inge-sted patliogcmc microorganisms, poisonous substances and 
mcclianical injury In (1) Its dige.stive secretions, particularly liydrocbloric acid. 
(2) its protectii'c mucus, which is increased enormously on irritation, (3) its capacity 
to regenerate nev cpithchmn, and (4) its notable reluctance to absorb substances 
that might prove harmful. In addition to preparing tlie food for further digestion 
and ab'^orption in the small intestine, the .stomach bears the shock of concentrated 
‘substances swallowed h\ diluting them and inactivates or kills many invasive 
bacteria and parasites 

In the small intestine tlie digestion of food sqmrted in from the stomach con- 


tinues hy enzimes of intestinal origin (erepsm, mvertasc, etc), supplemented by 
others from the pancreas (trypsm, amvlasc, lipase) and with the cooperation of lule 
from the Iner. while special pro\ ision is made foi absorption The small inte.stine 
doc' not sen c as a containei like the stomach C’oiwequoiitly its outlines are more 
e\en. dispiti' the numerous coiK. and its longitudinal and circular muscles are less 


dr\ eloped 'Die contents arc shuffled hack and forth o\ er tlie absorbing surface by 
rh\t!nnie semuontalion and are forced on by peristalsis Tlie outer surface, exccjit 
for !i part of thednodemun. iseoiercd with a .smooth friction-decreasing serous coat 
The inner a?)'-(»rl)nig surf.u e is ridged and lined with a mucous membrane pitied In 
intestinal irxpts which, unlike the gastric ones, end blindly and do not scjvc as 
ducts hfrhighli difioruitiatcd glamU. Betveen these cripfs tlic epithelium extends 
into the itimeii. forming long lieiirate x illi that greatly increase the snrf.if e Most 
«if llu* ejiithehal <ell- pn-.-ms a t\pi(>al distal striated harder not found in the sfom- 
u-h Goblet <e)ls cmiu‘ next in order of frKjuenex, followed In the miieh less 
nmm runs r.anetli .*!ui ent< roGiromafiin tells. In the duorlemim glands of Brunner 
o.tur b. twe. n tht inunulans mueos.e ami the tmiua mu'nilaris Xo scerelion 





CHAPTER XI 


GLANDULAR APPENDAGES 

Pancreas. -This is like a huge, misplaced salivary gland which has learned how 
to produce the secietions required in the segment of the digestive tract immediately 
following the stomach, and vhich, m addition, functions as an endocrine Examined 
in the fresh state the pancreas is white tinged faintly red by the blood in it In 
consistency it resembles the loosely-knit sublingual rather than the firm parotid 
The thin investing lajcr of connective tissue does not form a definite capsule By 



I'lG. 130 — Phnfls of Langerli.'ui'; of a Riuncji-pig, stained by injection of neutral red 
into tlie blood ^c^'-eb, ‘•how ing sanations in the idets and the general a])pcarance of material 
ii-ed for their cmiineration. (From Opie, after Renslcy, Special Cjtologj', Paul B Iloeber, 
Inc ) 


pciiotr.iting between the lobules and groups of «ccrctor\ cells (acini) it aflords 
pathw.n^ for blood aesseb. lamphatics and neracs The larger lobules are aisible 
without niagnifieation Bee.msc thea are thin and can be separated so easily, the 
glaml i'' aaell adapted for mieroM'opie Mudy 

In the first place it is ne<e‘-sar\ elearla to distinguish the evict iiie and endocrine 
eoniponents .^m.iil pieies of a fresh pancreas aahieh has been colored supraaitalla 
with ni’iitral red In Bens]ev\ (1011) method are used. 


\dd 2 cc of <1 preanonda jirep-iriHl 1 jw cent solution of neutral red in distilled water to 
;n-'I cc of jiha Molomial s--,!t solution thu« nnkuis: a tom entratinn of neutral led of 1 to 
I’l't'o this', and ns ninth more as niaa be retjuircil, m a bottle from the bottom of 
whidi - phs. (,jbf IfMiis on tn m an ordmara boftleasith a bent g]a=s tube serving as a siphon 
lie- tttb.> !S to b< .onnecitai with a t I'lnuia b\ about b feot of rubber tubing \ fresfiia 

( 177 ) • 
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In ultraviolet light the islets of Langerhans of the human pancreas exhibit a 
'ellov brovTi fluorescence of sufficient intensity sharply to distinguish them from 
the surrounding tissue (Grafflm, 1940) Fluorescence microscopy has come to stay. 

In routine preparations the islets do not stand out so sharply Section of a 
large islet is included in figure 137 Its outline is rounded, its substance is not 
broken up into acini, like those of the surrounding tissue, and it is but faintly 
stained Close examination of almost any section of the pancreas shows islets of 
many sizes Practice is required in their identification After one minute of study, 
one may be found, after fifteen minutes a great many more are apparent They do 
not contain the large granules of secretion antecedent (zymogen) tj'pical of the 
acinous cells 



Fig 138— Highly branched tubules connecting a duct iMth an islet m the guinea-pig’s 
pancreas. (Opie, after Bensley, Special Cytologj', Paul B Hoeber, Inc ) 


Ducts of tvo kinds are present* those that carry secretion and those that do 
not The first are, when large, obvious structures easilv identifiable by their simple 
epithelial lining backed by connective tissue; when small they look rather like the 
interc.ilatcd ducts of the sain ary glands (Fig IDS) The “^ccond are ex'tremelv 
difficult to ‘^ec in sections but can be demonstrated by supra\ital staining vit'h 
pyronin as described by Benslej Tliey arc Aery delicate cords of cells, devoid of 
hiniina, which connect the idets with ducts of the first Dpc. the smaller ones of 
which stain similarly These branching ductules pervade the pancreas and con- 
stitute a comparatively uiKhirercntiated tissue from which islets spring in normal 
de\ elopment and in regeneration after injury. 

'I he i-let.s appear to ha\ e a high priority rating In a s„pra\ itallv stained pan- 
f reasthey areoften rendered % isibleincrelv by the clo=e networks of capillarie.s w ithin 
them in comparison with the fewer capillaries of the acinous tissue Beck and 
Berg (lO-H) lane expre-cd the Mew that they are xcry directly supplied with 
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In ultraviolet light the islets of Langerhans of the human pancreas exhibit a 
yellow brown fluorescence of sufficient intensity sharply to distinguish them from 
the surrounding tissue (Grafflin, 1940) Fluorescence microscopy has come to stay. 

In routine preparations the islets do not stand out so sharply Section of a 
large islet is included in figure 137 Its outline is rounded, its substance is not 
broken up into acini, like those of the surrounding tissue, and it is but faintly 
stained Close examination of almost any section of the pancreas shows islets of 
many sizes Practice is required in their identification After one minute of study, 
one may be found, after fifteen minutes a great many more are apparent They do 
not contain the large granules of secretion antecedent (zymogen) tjqiical of the 
acinous cells 



Fig 138 — Highly branched tubules connecting a duct ivith an islet in the guinea-pig’s 
pancreas (Opie, after Hensley, Special Cjdology, Paul B Hoeber, Inc ) 


Ducts of two kinds are present those that carry secretion and those that do 
not The first are, when large, obvious structures easily identifiable by their simple 
epithelial lining backed by connective tissue, when small they look rather like the 
intercalated ducts of the salivary glands (Fig 108) The second are extremelv 
difficult to see in sections but can be demonstrated by supravital staining with 
pyronin as described by Bensley They are very delicate cords of cells, devoid of 
lumma, which connect the islets with ducts of the first tjqie, the smaller ones of 
which stain similarly These branching ductules pervade the pancreas and con- 
stitute a comparatively undifferentiated tissue from which islets spring in normal 
development and m regeneration after injury 

The islets appear to have a high priority rating. In a supravitallv stained pan- 
creas they are often rendered visible merely by the close networks of capillaries within 
^em in comparison witli the fewer capillaries of the acinous tissue Beck and 
Berg (1931) have expressed the view that they are very directly supplied with 
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It will be obser^'ed that, while the length of mitochondria is variable, their '■<* 
diameter is astonishingly uniform The total mitochondria cytoplasmic surface is 
considerable and can be measured (DuNouy and Cowdry, 1927). In an epoch- 



A B c 


Fig 140 —Diagram of appearance of pancreatic acinous cells of mice A, Viewed m 
the Innng state unstained, B, after supravital coloration with janus green and neutral red, 
C, followmg fixation m Regaud’s fluid and stammg with fuchsm and meth 3 d green Zjmiogen 
granules appear in the distal ends of the cells in all three Mitochondria are barely nsible 
in A, represented m gray m B, and black m C A spherical fat droplet is illustrated m the 
proximal parts of A and B The black circles m B represent neutral red granules Optically 
homogeneous chromidial substance is indicated by the darker shade of gray in the proxi- 
mal zone of C. 



Fig 141 On left section of pancreatic acinus of guinea-pig Chromidial substance in 
proximal zone appears dark hanng been stained with toluidin blue wdth light spaces rep- 
resenting original location of nutochondria Zjnnogen granules m distal zone appear as 
spherical unstained spaces On the right an acinus stained with fuchsm and methid 
green Here mitochondria appear as black filaments and zymogen granules as black 
spherules (From Opie in Cowdry’s Special Cytology, courtesy of Paul B Hoeber, Inc ) 


making cytological study Bensley and Hoerr (1934) separated liver cell mitochon- 
dria from other parts of the cell and subjected them to direct chemical analvsis 
They found two protems and an average of 43 6 per cent of fatty substances soluble 
m hot alcohol, ether and chloroform Probably these acinous cell mitochondria 
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chondna show changes (Fig 143) but their contribution to the formation of zymogen 
granules is not kno^m. The ground substance may play the star role decent 
studies on the submicroscopic structure of acinous cells may turn out to be im- 
portant Examination of a beautiful colored plate depicting observations by Kies 
(1940) IS at least in order Covell’s (1928) continuous observation of the process of 
secretion in vivo should be extended. He found tliat the fate of neutral red granules 



Fig 143 — Effect of pilocarpine on the Golgi apparatus and mitochondria of pancreas 
of white mice .1, Golgi preparation of normal pancreas, B, three hours after injection 
Disajipcarance of zjmogen granules and mo\ ement of the blackened Golgi apparatus toward 
the lumen C, Mitochondrial preparation of normal pancreas, D, three hours after injection 
Decrease in zjTiiogen granules and mitochondria (Xassonov, Arch f mikr. Anat ) 


can be followed if the\ are highly colored with neutral red (Fig 144) The zymogen 
granules are easily distinguishable b\ their high refractive index The significant 
fact, which Co\ell brought forward, is that there is an outpouching of the cell 
niembrane into the lumen The.se pouches presumably contain secretion ante- 
cedents They are pinched of! and escape into the lumen, so that cellular material 
lea\ es the cell w ithout passing through the cell membrane A similar phenomenon 
was later obacrved by de Kobertis in the thyroid (Fig 74). 
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microscopic anatomy In the pituitary the cytoplasmic granules are expressions of 
distinctive cellular organization, not actual secretion antecedents like the zjnnogen 
granules of the pancreas The zymogen granules are of variable size, but, to our 
rather crude tests, they appear to be of uniform composition Until satisfactory 
evidence is discovered of the existence of several tj^es of granule, the assumption 
is justified that each granule contains several enzymes, or proenzymes, later to be 
activated Investigations by Van Weel and Engel (1938) and by Van Weel (1939) 
indicate that dipeptidase is not present in the granules, which ordinarily are cast 
out, but in the small amounts of associated cytoplasm which accompany them 
when an unusually strong stimulus to secretion is applied Apparently the dipepti- 
dase takes part m the production of carboxylpolypeptidase, the amount of which is 
proportional to the number of granules 

As the cellular machinery wears out in old age all of the enzymes produced by 
the acinous cells do not fail in the same degree because Meyer et al (1940) have 
discovered that lipolytic and amylolytic activity is but slightly depressed whereas 
proteolytic activity is decidedly reduced Apparently in the same cell the synthetic 
processes of enzyme building, whatever they may be, are to some extent independent 
and subject to individual modification 

It is interesting to stop to consider m what cells of the digestive tract, besides 
the acinous cells of the pancreas, these enzymes are to be found Cells of the villi are 
discounted because they are absorptive and liable to pick up enzymes of pancreatic 
origin dischaiged into the intestinal lumen Amylase is present in the salivary 
glands and Brunner’s glands of rabbits, hpase in the cardia, fundus and pylorus of 
the stomach of pigs, renmn m the chief cells of gastric glands of the fundus and 
dipeptidase in peptic cells of gastric glands of fundus, in deep cells of pyloric glands 
and m Brunner’s glands Evidently pancreatic acinous cells enjoy the ability of 
producing enzymes shared by other cells some of which also form mucus 

Little wonder that the job of producing insulin is assigned to other than these 
hard worked acinous cells In hematoxylin and eosm stained sections it may be 
difficult to distinguish the tjTies of cells present in the ^slefs of Langerhans but by 
the use of special stains two tj'pes of cells can be surely identified The A cells are 
often first m the sense that they are pi one to occur at the periphery of the islets and 
are first encountered as the eye travels from the surrounding acinous tissue into the 
islet The B cells are normally by far the most numerous and contain granules 
possessed of distinctive staining properties which are soluble in alcohol— a significant 
point, since alcoholic extracts of pancreas contain insulin Other different looking 
cells occur m small numbers (indifferent cells, D cells, etc). Gomori (1941) sug- 
gests that the D cells represent but a stage in ageing of A cells 

Evidence from tumors, so helpful m tracing hormones to their cells of origin in 
other endociines, does not help much with the islets Though often accompanied 
by sjunptoms of hjTDermsulinism, to classify the cells in them as definitely A or B 
may not be feasible (O’Leary and Womack, 1934) . O’Leary (1930), closely observ- 
ing the islet cells m the living pancreas, detected the formation of droplets in the 
cells m response to dextrose injections, and their movement toward the adjacent 
capillary, as well as their later decrease m size, presumably owing to diffusion of 
their contents through the cell membrane This is probably the mechanism of 
insuhn secretion and the cells are in all likelihood of the B tj^ie but they could not 
be positively identified as such in the living state Several observations strongly 
suggest that B cells are in fact the chief producers of insulin (1) when, in dogs, a 
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large part of the pancreas is surgically removed a strain is placed upon the islets and 
It IS the B cells (not the A cells) that undergo a watery degeneration, called hydropic, 
and eventually disappear coincident with the appearance of symptoms of diabetes 
mellitus (Homans, 1915, Allen, 1922), (2) repeated injections of insulin in rats 
produce changes indicative of suppression of activity of B cells without any altera- 
tion in A cells (Latta and Harvey, 1942) , (3) injections of anterior pituitary extract 
cause in dogs a i eduction in insulin content of the pancreas accompanied by a 
degranulation and hydropic degeneration of B cells Daily administration of pro- 
tamine zinc insulin, along with the pituitary extract, tends to prevent this reduction 
in insulin content and loss of B cell granules (Best, ctcd , 1942) 

Looking backward, we find that diabetes was known to the Romans but it 
remained for a humble laboratory attendant to make an observation that directed 
attention to the pancreas some fifty-one years ago It is related that the individual, 
while assisting Minkowski and von Mering m their studies on the role of the pan- 
creas in digestion, " noted that the mine of dogs that were suffering 

from deprivation of the pancreas was attracting great swarms of flies This curious 
happening was called to the attention of one of the investigators Whereupon a 
chemical test of tlie urine was made It was found to be loaded with sugar Thus 
experimental diabetes had unwittingly been produced and the problem was now open 
to intensive investigation” (Hoskins, 1933) This demonstration that diabetes could 
be produced by removal of all or most of the pancreas led to the feeding of extracts to 
diabetics and “sweetbreads,” already a delicacy, became the order of the day Then 
followed a period of hopes and disappointments. Some investigators came wdthin 
an ace of making strong preparations of the hormone which they knew existed and 
which was called “insulin ” Banting, like Scott before him, had the idea that the 
digestive enzjTue trypsin, poured by the pancreas into the duodenum, digested the 
hormone in the making of extracts The trick was the elimination of trj'psin 
Bantmg and Best first made extracts of pancreases the ducts of which had been 
ligated, since it was known that this procedure caused atrophy of the tr^^isin 
secreting acinous tissue without interfeimg with the islets of Langerhans, -which for 
many reasons were regarded as the endocrine component They were successful 
and later, with the aid of Collip, made potent extracts from whole glands guarding 
against the destructive action of trypsin by chemical means The storj'- of this 
achievement, related simply by Hoskins and m detail by MacLeod (1924) in whose 
laboratory the work was done, affords entertaining reading. In^hn is one of the 
fundamentally most necessary of hormones Our chief source of energy is carbo- 
hydrate food The amount offered to the cells by the blood stream is regulated by 
insulin through storage as glucose, principally m the liver, and liberation from 
storage 

Before leaving the pancreas reference must be made to a second pancreatic 
hormone, the hpocaic of Dragstedt The cytological source of this substance is not 
known Deficiency in it appears to cause a loss in body fat and an accumulation of 
fat in the liver (Julian et al , 1943) 

Liver.— Like the pancreas, the liver is developed from an out-pouching of the 
endoderm of the gut and throughout life it discharges into the duodenum as the 
pancreas does But its primitive architecture as a compound tubular gland is 
obscured by the acquisition of a double blood supply without knowledge of which 
Its structure never can be understood. 
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the composition of the blood is different since it is lyholly arterial and not mainly 
venous In both, the most favored cells are those first served near the periphery 
These are the ones most capable of multiplication to make good a loss Hepatic 



Fig 150 —Circulation in hepatic lobules (From Wakun and Mann, courtesy of Anat Rec ) 



Fig 151 -Photomicrograph shomiig vitamm A fluorescence in section of normal liver of 
tiie nty-mne year old female Note the cords of hver cells, the fine fluorS^t droSel' 

the margins, and the heaner fluorescence of 2 Kupffer cells on 

the nght X 400 (Popper, courtesy of Arch Path ) -i^upuer ceils on 
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GLANDULAR APPSNDAGES 


ftiu! cortiail cells nre rich m f-its and Iipoidb TTic fonner storv \jtnmm \ ilcn hn- 
straWc b\ its lUiore^cence m uUriMolet lic:bt (I js» lol) ‘iml tlieliUir sitstan r 
(}i U)) Thtirgeneralarnngcmcntissirailar buttliecolumnsofcill nrc<traidurr 
ind longer m tlipf-iscicuhti of the adrcml tlnn the\ are m theli\rrW)u!i \w>. 
ciition IxU'ccn cclU and blood stream is \m intimate The capiIlirKN twina- 
sinusoid il in the inner 7one of the adrenal where their endotheh d et 1)> are j'bapf. 
c\ tic that the\ are listed as special endothelial celU of the K F sjstcm la tVr 
hepatic sinusoids the endotUeUal cells arc even more phapoi\ tic rtrhnpsdi-cTwi 



here a function of oppnrtumU The rate of flow in the 

incidence of partuulatc material luphcr The cngorpetl re s j. 

named KuiiffrrrelU bt igcs iiithe tikingup of carhon are prc'tn 

Tlie fact that thes il'<» ingest inan\ substances naturalb occiirr i 

lielps to m ike the !i\er one of the greatest bfoo<f filter* •yrhs'it'* 

Wtween thetndotlulul i\ 1II5 of the sinusoids and the hep iticcc s. 

itcontmsii <uefliiul rptKuhim(Fip lo3)aiidafta riticinarce * 

thi ti ■'uc fluid approMnutes aerv clo-'Ch to I)!oo<l >1'* 

the pmtem content of hcpitic Ivmph and blow! serum h pre 
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Fig 153 — Reticulum of the liver. (Redrawm from Braus, Anatomie des Menschen, 

Julius Springer ) 



12 
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(McCnircIl el al , 1^41) Tussiie fluid nppirrnth «cops m a ptnplicral diwih'T 
tn Ii\cr lobules and i'' dmnetl out b\ Ivinplntic cipilhnos in tbe portal ramb 
^Inlc in the ndreml eortcT it pns<ic5» ccntnlK for remo\ l>\ l\T«phntirs of t’-r 
inediilh The sub tance of the Incr lobttles like tint of the adrenal cortei ia 
it'olf nlxmplntic The gradient from penphcr\ to center in the adrenal cortra u 
expressed stnictunlK ha the arrangement of cells in fiurla elearh dclin«l revs. 
In the lit er lobule the length of the gradient is less and the zones are markol moT 
ha a grulualla changing bchaa lor on the part of the cells than b\ ouL'poken l!ltV^ 
cnees m their appearance 



No ISO lent bj Dr R F ''towcll) 


Hie 1 1 k nftir the location of lindmnrks is fn dnlingm ' 

avithin hepatic luiuiles TIu\ are clear|\ outlined in some patlion^iea 

iiiMilvingnwn>'>i'. ((i tirl mt) thcdcith of celHf« ♦rtlarr^'f 

( < ntral nn m is is i i-ommon lesion in avliich the cells nl»out t 1 1 ,* j i J 

tlu InliTih-s an nfTotctl lliesc are the cells least faaonal aMtIi a 

most snbjot t«'<! to pis i\ p c-ongistinn nrsiiltmg from failure of b o« t 
til h\»rroith( lupitu >tm I igiirc 1 rl shows a harp dtmarra i« 
eentnl r mt and tlie rem imdfrof the lobuh . 

Inttminli-i^c (or nud zonal) nccro is is cldom encountem 
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yellow fever for some obscure reason. Close study of figure 155 brings to light the 
fact that, between little changed cells near the central vein on one side and a portal 
canal on the other, there is a band of necrosis which is stained more deeply than the 
rest of the tissue Examined at higher magnification this is seen to contain degen- 
erating liver cells and infiltrating and dying leucocytes 

Peripheral necrosis is frequently met with in eclampsia complicating pregnancy 
Associated with the necrosis, peripheral hemorrhage is not unusual as in the liver 
represented in figure 156 The pei ipheral parts of the lobules near the portal canals 
are outlined by the strong staining with eosin of the closely packed red blood cells 



Branch of 
portal vein 


f- ' % 


U H-/ 


^ V 
( 

Ceptfal u’etn 


Hemorrhage 


Bile ducts m 
portal canal 


Fig 156 —Peripheral hemorrhage and necrosis of liver lobule in a woman, 
eight 3 '^ears, nho died of eclampsia X 65 (St Louis Maternity Hospital 
Dr JohnE Hobbs) 


aged twenty- 
12364 lent by 


There are other data on functional differences in the zones The mitochondria 
in the central zone are generally thin and filamentous Passing toward the periph- 
ery they become thickei and shorter Using them as indicators of activity and 
working on mice, Noel (1922) has discovered that next the central vein their 
appearance is little, if at all, modified by radical changes m diet Pie calls this the 
zone of “permanent lepose” (Fig 157) External to it is an inteimediate zone of 
transition capped by a peripheral zone m which the alteiations are very striking 
and which he designates the zone of “permanent function ” In a recent paper 
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Dcnnc (1&12) reports no definite rchtion lictiveen mitocliomlrm ami fat ami- ti 
htr<l inthe]i\crsof njiccmconscqucnceofahiplisupardut ^^1^lleontheMlilJ,m 

of fit It IS siffnificint tfnt tfii» fin>t nccumulates m Jirpc dropfit-? m tfie pen''’) 
cni celN i\liere the rounded «!pic<s onginilh occtipiwi h\ jt <*an iv «frtmnl i' 
figure 153 m entnincil with a hand lens 3Mi\ this is «o is not cntinlv dear The 
fact tint the-e celN liclp thnnscKes before tlie ccntnl oncn enn do fn'ni 
rt'oI\ins table of the hlooil stream ma\ or ma\ not Ik of sj^nificamT in t!ii» 
particular connection If the intake is equ done would expect cdK with thelowist 
oxidatn c metabolism to burn fat least and thus to store it most 
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Tin storaci of c“irlHih>dritt in thefonilof pht-open i’»« jtnport.«nt h ^ 
nf l,>.r ..II < ml.l .1,,. lu lt<n le. ni,<l C,cr.li lor .Inn™ 

dilTii « eondition III which this exi ts in the cells Wuui tirod nal 

in the «Tli It is about tin (i ntral xcin flic lobiili fills up until t 

calls arc il « I mini 3\ln n phenpcn is pl%tn up it heaves t le jienj' 

and tin «a ntr il cuies 1 1 t 
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The peripheral ceUs are, as already stated, those most sei^dceable in regeneration 
They are more likely to be binncleated than the cells more deeply situated ana- 
tions m nuclear size are perhaps normally greater in the liver than in am other 
organ This is related by Beams and King (1912) to difference in chromosome 
numbers Nucleolar hj-pertrophy and enormous distension of nuclei by fluid, 
which, latter, limits the*^ chromatin to a thin layer just beneath the nuclear mem- 
brane, are phenomena not infrequently seen in the periphery of the lobules, the 
functional significance of which remains obscure (see figure of Cowdry and Kitchen, 
1930). Intranuclear crystals are conspicuous in a few species including dogs 
(^'eatherford and Trimble, 1940). 



A B 

Fig 158 — Rabbits’ hvers fixed m banum chloride and formalin, soaked in alcohol, 
treated with benzol embedded, sectioned and stamed with acid fuchsm as recommended by 
Forsgren (1929) A, At height of assimilator^* stage (weight of hver, 133 gm , and glycogen 
content, 12 9 per cent) Bile capillaries narrow, almost empty, hver cells are large, about 
36 /I, and contam a few bile components B At height of secretion (weight of hver, 50 gm. 
and glycogen content 1 per cent) Bile capillaries are dilated and filled with bile compo- 
nents precipitated by the barium chloride The cells are loaded with bile components but 
are smaller in size, hanng a diameter of about 16 p (Forsgren, J ilorph.) 

^^lthin the citoplasm of liver cells one can usually distinguish a somewhat 
1 ariable basophilic granulation Its nature remains to be discovered, but a report 
by Korenchevsky (1941), that the granules are decreased m number and size in 
rats by gonadectomy and are restored to normal after injections of se.v hormones is 
at least, interesting 

Bile components have been investigated by Fosgren (1929, 1931) and other 
Swedish workers At the height of the assimilatory phase in his e.vperiments the 
Iner has doubled its v eight, owing, he thinks to increased water content accom- 
panying tlie intake of substances absorbed from the mtestine, and its structure 
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i:> nprcscnted m figure 15o f wlule at tlje Jjwght of *>ecntion u has lo^t wcuh 
and presonta the appeannee illuitnted m figure loS I! flic contrast iKlTcrrn 
t\\oisnote\cortln inthefirt e^w^eni»incrci«ftfindbikc^roponcutsi(ccf«<<v! 
and in the second tlie re% cr-e happens The rccipawal changes arc summrued n 
dnpnm fonn m figure 15D }Ic states tfiat TJie cclU ui the penpherv t f t»-e 
lobule in which the prodjuctionofbilcbcjsitisfirstnndccisohhst are more scewtw 
in nature tihilc tho c in the interior m which (ht prwhiction of giicogcn f»rnps 
first and ceases last arc nion. assiinilatora cn chancier " 

Becau e «o nianv substances frech cuter the li\cr ctUs from the Wood at«! are 
given b\ them back to the bloo<h it t> suiTirising that the bih which thu sccre'i; 
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lected bv n spcei d sv stem of hifr capittaues Cloae eaammation of a routine prei>ara 


The ttinmitatcr]/ tfage TAe ttetrta*y »\agt The autmilolotj I'at 
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fiG 159— Diagram of hepatic functional stages based on capenm^nta with rat^ 
The cinlcs repre-mt the lobule" of the liver with aena centraJH in the center ^ 

area- repcocat that are tick vw. wbcosca but deficient in bile components, tae l ^ 
3jTa.« tho e lint are rich in bile componenU but defiaent in glvxogen thestippWw’ 
til containing both bile coropoMonfs and gljcogcn A w the weight tune, sal 
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3 Morj’h 1 
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(Hg itiO) j, 

Hit III! rl Kiilirdutt m (tim run together cuntuilh 
liqntii <lu« t win, 1, rtnivt“» tin cwticduct from the pall bJaddiTann cor 
iht crirnmnn 1 1 ), «lti< t < niptving into {I m. duodcniini 

flit diM Ji irj.1. tif bih IS pirtlv controlletl bv tht IfanAcr m t o 




LIVER 


199 


which possess one. The human gall bladder is a pear-shaped sac placed as a sort of 
shunt at the side of the biliary tract In rare cases it is congenitally absent For 
explanation see Boyden (1929) The bile backs up into it for storage between 
meals, which brings about a striking change in the pattern of the bladder mucosa 
(Boyden, 1925) 

Graham’s (1926) account of the discovery of a means of visualizing the gall 
bladder in vivo by intravenous injection of tetraiodophenolphthalein and roentgen- 
ray study will prove interesting Structurally we can recognize in the wall of the 
gall bladder (1) A tunica mucosa which is much folded It is made up of a single 
layer of columnar epithelial cells which ordinarilj’^ do not possess a striated distal 
border like those of the intestine but are nevertheless absorptive (2) A tunica 
muscularis in which the fibers are not arranged in distinctive layers, as in the 
intestine, but in the net-like formation characteristic of the urinary bladder This 
is pervaded by numerous elastic and collagenic fibers with a few fibroblasts (3) A 
tunica serosa made up of peritoneum on the side which is exposed and is not em- 



Fig 160 —Section of liver of a man, aged forty-three years, fixed m Muller formol and 
stained with iron hematoxylin The bile capillaries between the liver cells connectmg with 
the bile ducts in a portal area are heavily outlmed in black X 1050 (Redravm from 
Clara, Ztschr f mikr -anat Forsch ) 

When fat enters the duodenum, bile is expelled from the bladder even wFen all 
the nerves are cut and further, this is caused by the hormone, cholecystokinin 
There is, besides, a rich nerve supply from the vagus and splanchnics. It is difficult 
to deteimine the special parts played by nervous and hormonal regulation The 
gall bladder capacity is only about 50 cc and approximately 1000 cc of bile are 
produced everj^ twenty-four hours It stores and also concentrates the bile by 
dehj’dration The concentration in the dog may be eight or ten times One recalls 
the condenser action of the colon The Ijunphatic drainage of the gall bladder is a 
matter of considerable practical importance It connects with that of tlie liver 
(iMcCarrell d ah, 1941). 
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Tilt p-inerMs i<« at onc«. an cxocnneghnd poimriR cnz\ tnes into the 
and an endoermt discharpmjr a potent Iionnone (insxiInO b ick into the lih^d Th.? 
etoenne portion consist* of the nnnj md tlicjr duct5 T!7 jc stnictnrc of the aevout 
cclk and the clnnsc* the\ cxliibit tlurinp sccitlion h ive been discuscw! n thtai! 
hcc'^u^e the\ nre so f n onble for obstn ation and experiment Ahn\ of the «lifx 
nuntjoned app)^ to other g) wd cells Tlie entire cell must l>e npacd«} as ftmuir-e 
tht. secretion not simph the mitochondrn Golpi appintiis neutral rc<! s»aimr' 
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ind dnbetes sets m 

The huf IS the jsck*oMIJ trades of the bod) est ibhshcd in s 
between the pre^vt nrci of intestinal absorption— siippltnicnted ht tlic larpot tris«'i 
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RESPIRATORY SYSTEM 

For the maintenance of the body, supplies are essential and waste must be 
eliminated The digestive system provides food and drink and the respiratory 
system oxygen and both give off some waste materials The principal areas of 
absorption are the villi of the small intestine and the alveoli of the lungs Both are 
lined by a single layer of highly permeable cells, in close association with the blood 
stream, and likely to take in harmful substances as well as useful ones if exposed to 
them Both are situated at a considerable distance from the entrances Some of 
the protective mechanisms interposed between the villi and the outside world have 
been described Those operating between the alveoli and the external environment 
are equally fascinating and important The hazard is, of course, not limited to the 
villi and the alveoli, for the tracts leading to them are even more immediately 
exposed to injury and to invasion by pathogenic organisms Supplies the body 
must have, but at a price, in the form of the risk run, which is not to be ignored 
Nasal Passages —The mucous membrane which lines the nasal passages and 
covers the turbinates must withstand the impact of respired air laden, as it often is, 
with bacteria, dust, fumes and gases This air may be dry, or moist, at a subzero 
temperature, or very hot Discharges from the eye entering by the lachrymal ducts 
trickle down over the membrane, especially when the eye “waters” owing to some 
form of irritation No other living cells are so directly exposed As we all know, 
infections are frequent The penetration of this barrier might well have been pre- 
vented had the passages been lined Avith arelatively impermeable stratified squamous 
epithelium like that covering the external surface of the body, but, the prime 
desideratum is the protection of the pulmonary absorptive surface, which could not 
be so effectively done if dry, dead cells lined the passages instead of living, reactive 
ones Moreover, the sense of smell was acquired when our forefathers were aquatic 
For its perception the surface must be wet As it is, the mucous membrane is made 
up of layers of cells of variable nature and thickness, the number depending upon 
environmental conditions (Figs 161 and 162) In front of the turbinates, where the 
exposure is great, it may look something like the skin (Fig 161, a) It is only 
further back and in more vital parts that goblet and ciliated cells are found In the 
sheltered interior of the sinuses the epithelium is thinnest (Fig 162, c) That the 
epithelium is highly adaptable to alterations m ventilation consequent upon surgical 
interference has been shown by Hilding (1932) He observed a change to the 
stiatified squamous type with overventilation and an increase in goblet cells after 
plugging of the base 

Here, as elsewhere, the epithelium is backed by a iiimca propria which gives 
space for blood supply, nerve supply and Ijmiphatic drainage In it also are tucked 
away small branched tubulo-alveolar glands, which are usually classified as serous, 
mucous, or mixed These undoubtedly produce a watery fluid, and mucus, but 
difficulty is often experienced in deciding as to the exact nature of any particular 
gland, because even in those in which mucigens can be found, the nuclei of the 
secreting cells are not compressed against the proximal cell margins in the usual 
manner It is quite possible that individual cells yield both serous and mucous 

( 201 ) 
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products The tuiucu propri i iKo binds the epithelium to the l)on\ and rvrtili-j, 
riousntiumign db Smcethcsc »reimmo\iblt,muscKfilHrsarralwntandfUHt5c 
tKue 1^ Imutwl Onh pisbue swelling occurs resulting either from scruniubth’-i 
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Nasal passages Thick etratiRed squamous ' CanDcctie-e tissue Imding^Cartihge seternrh 
at entrance i»scuflostnti epithelium to ngid walK the other wiU ket 
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1 mm +• come relatnd) more DU , disappearing muscleond blogri irr* ^ 

rncrous elastic tissue ' eompWeVJt, e*trr 

I 


Bronchioles 
1 mm — • 


Resjirator} 

I ronchioles 
0 5 mm — • 


Alveolar ducts 


Aheoli 
lur sacs) 


Cilntcdcdlsdominale gob- I urthcr reduced No None 
let cells lost ' gbnds Muscle collagcnic 

and cbslic tissue proper 
tionally incrcared i 

Cibated cdb partlj re | Muscle colbgcnic and ebs- None 

pbced by cuboidal On tic tissue | 

aides appear air sacs luted , 
with respiratory aqua . 

mous epithelium 

*'(luxmous with occasonsl Muscle much reduced col None 
traces of culxiidal cpithe- bgenic and ebstie tissue ^ 

**qtiamou8 Elastic and rdicubr tJM-ie None 


• Tlie^ ineas irementa rebte to the colbpscd fixed condition of most prepanti5-< 
rib;ect to great variation 
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of tissue fluid or from vascular engorgement. The turbinates are very highly 
vascularized The vessels over the inferior and middle ones and the adjacent parts 
of the septum form corpora cavernosa, comparable though not identical with those 


Fig 161 — Regional differences m normal nasal epithelium a, Preturbmal region 
close to the anterior end of the middle meatus, b, antenor third of the inferior turbinate, 
c, transitional epithehum somewhat farther posteriorly (Hildmg, Arch Otolarjmgol ) 

of the penis On engorgement with blood the corpora swell up and restrict the 
passage of air tlirough the nose It is likely that this is in some cases helpful. The 
conditions that govern the erectihty of these parts are not well known The possi- 



Fig. 162 —Regional differences in nasal epithehum contmued a, High columnar epithe- 
lium from the middle third of the inferior turbinate This is the tj^ie of epithehum found 
over most of the surfaces of the common meatus, 6, epithelium from the middle meatus, 
c, entire thickness of the mucous membrane from the frontal sinus of a dog (Eliding' 
iVrch Otolarjmgol ) ’ 


bihty of some relation to sexual activities is discussed in an interesting way by 
Schaefier (1920). One of the most significant reactions of the tunica propria, both 
here and in the paranasal sinuses, is infiltration vith eosinophiles (p. 28), which 
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iin% or nn\ not be nccomp^njed b\ i general mcrei e of cosinoplulcs in the V x*! 
strrim 

nioupli the nn<!i! mucoii'. membrane does not exhilut il)N>rptne cilli »uh 
cuticuhr bonfera siimhr to those m the <miU mtcstmc the intike of 'onic 
•^tnnees is ^cr^ rapid -k graphic dnnonatration of the nbNoqition and InupbtK 
drainage of tr\pin blue cm rendih be made b> n mctho<l dcscnlxil h\ 

(inil) 

Clearance of the na^l p i<«igea la similar to tint of the entin Jin\a\ up to the 
ends of the bronchi A protecti\e imeatment is ftmiiwl on the «urfacY of the 
epithelium b\ the secretion of the goblet celN and the mucous gl imis of the tun ca 
propn i It la prob ible th it the goblet ceIJa nre ehsch irgwl h\ contact slimuUtioTi 
or througli ti local reflet avhile the glttida art under direct nervous conlnd for 
both are npp ircntlv regulated in this n i\ in the tnchc i 



I in ira -Wl lateral naeal nail of n inonke}, Uatarai rjeoit Arro»< iniiaale 1' 
direction of cloanncc of mucous lajer bj ciliio action (Rcilnwn anil niwlirisl Inri 

I uri!" \m J Amt ) 

The “oerctions do not hcip up but arc moved on toward the pliirvm h' d' 
Juating of iJn cilii and Decision illv b\ purposeful forced m pintimi 
tinnoftlii stre ims his been invcstigited in the monkiv b\ Iutis(Pf-<j) 
nmvcrgt ind pass ntir tilt opening of the Fuatachim tube infettion i>f 
niil.lit be mure friMimiit were it not tint entrv is discsiungcd bv onol lerpnwip ^ 
tilu III It f>eating downward I igiirc K»3 illustrates c/carb the 
dms tion of move mint of cilii on the lateral wall of the nis.il civitv t 

IS t iliitcsl uj) toiipproannUilv the Mint Icvtl The tihatcti cells art 
hv«r of MHUis fluid which ofTers \tr\ little resistance to their vibration 
tnds tif tin cilia an in tmitli with a film of mucus which thev shift in t 
mdiratnl b\ the imivvs NNithoiit the lubncatinn afTordwl hv <onms 
viscoitv of the imuiis would prcvcnttlitirniovcmcnt 

infl other fonitn initiriil idbtrc to the wueou-s slmt and are 

II i».d \ rstiliiih i not < ill ittsl liut its tpitlitlium is umisinllv thiiK 
an-a il«)Ve IS liktwi t dcvonl of vibratilt ciha Hire the cjiithchum 
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squamous because that would preclude stimulation of the sensory olfactorj'- cells 
resident in it Inlialed chemical substances must come m intimate contact with it 
and something may be gained by letting them come to rest Clearance is, neverthe- 



Fig 164 —Diagram of ciliary action (From Lucas, A M and Douglas, L C , courtesy of 

Arch Otolaryng ) 


less, accomplished slowly by the action of cilia in the nearby epithelium, shifting 
the waterjr fluid containing a little mucus that covers the area devoid of cilia 
There is reason to believe that this area of minoi resistance is the site of entrj' of the 
\irus of poliomyelitis and perhaps of otheis also (Fig 165) 



6/7 — clfach ry hiur^ 


Fig lek — Di 3 gram of the olfactorj'^ mucous membrane, olfactory nen^es and connections 
to show the hne= ot penetration of an mvadmg Aurus like that of poliomyelitis (1) through 
the substance ot ^he nerve cells and fibers or (2) m the tissue spaces from the submucosa 
'*toog the nerae fu^er {PNS-^) entering the closed subarachnoid space at the pomt (\) 
(Redrawn from 1 aber, IMedicine ) 

Small in]urie- to the nasal mucosa are quickly repaired Epithelial cells border- 
'•’g the injury differentiate and divide by mitosis, then migrate over the denuded 
tmea, or oa er a blood clot, if one is present, as a thin squamous sheet (Fig 1G6) 
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TIii^ ‘sqinmous er becomes stntificd h\ fnrtlicr mi^mtion f>f Iwnicnn? cfll« an ! 
b\ multiplication of ctlis alfca(]> pn-«nt I-itcr the cells of t}iu> stntified 
Iiiim differentiate into the normal nasal epithelium The tunica proprn m repbml 
b\ scar tissue in iiliich there IS \ert little ghnduhr rcpenention nieinjunciaf 
usualh a era free from infection except where the underh ine cartiliRe or Ixine bs 
been expoecfl (see Bolin;: 193o) 



Foe hourf 

Irfrt rtiwtffdfilM talk blajil elot 




lOdayi 

Slnlifieolim and bffftnntntf dijferenliatim 



SOthjr 

CampUU rfg'nrralwn uith qUind Itkt xntngiriation ^ 

l-io Jno - Dncram of staRCs in repair after reno\s.l ‘'f P'"'’ '•liruw 
membrane fnwn a sheep (Courfe-j of b H Itolmfi) 

F> ■drntl) tlic dn lOTRC of tW mill pusiKOT ilrpeniii iijion w "f'Jrr 

Tl.o dim must i llinic normalh 'MOTcmcnt n c-intn! 1>J direct 
•ortsnnil I iicii (1011) Ini obn-n ol thnt in the fniR it ,15 cirr 

llenl odiscoMml that the cilia are often at rest wiitn exanunw i ^ 

animal and «pecnl care is taken to atoid nria kind of frror'^''* 

notion tint tlmr artivitv is necessarib continuous inn' ^ ’ /-ji [ urai 

( 2 ) \md«juit« siippls of ennis fluid of the right "ort IS the n^-* 

frerpienth oli'm*-*) tint the rnueoiis shret ini' 

nrp l>eating V icnnui 1 ' T hi st iRnation of potentnll' nje*i 

(hie to n chnngc in tlit minus On the other hand w len 
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normally it is able to bridge small denuded or injured areas of ciliated epithelium 
because its viscosity is normally so great that it can be pulled over them If the 
obstacle is larger, the direction of flow is modified to pass around it; but the adjacent 
ciha do not change the direction of their beating to facilitate in any way the passage 
of the mucous layer in the new course Violent clearance of the nose is brought 
about by a sneezing reflex through the sensory terminals of the fifth nerve in the 
mucosa See book by Proetz (1941) on “Applied physiology of the nose ” He has 
an excellent motion picture film showing ciliary activity (Dr A W Proetz, Beau- 
mont Medical Bldg , St Louis) 

Paranasal Sinuses.— -These appendages to the nasal passages are known by 
the names of the bones involved, maxillary, frontal, sphenoidal and ethmoidal 
The maxillary sinuses are the largest and the only ones to which the term antrum 
(G anfron, a cavity) is applied Owing to the fact that the sinuses are blind 
pockets with small openings, very little air enters them during breathing The 
epithelium is thin, consisting generally of only a single layer of goblet and ciliated 
cells The tunica propria also is less developed than in the nasal passages, but it 
contains a few glands of the same tjTies Blood vessels are likewise reduced, 
because there are fewer cells to nourish and the necessary heating is at a minimum, 
since blasts of cold air do not traverse them Ordinarily their contents are bac- 
teriologically sterile They flush themselves out in the same manner, by ciliary 
action. The direction of transport in the maxillary sinus has been mapped by 
Lucas (1932a) It does not proceed straight toward the ostium, but in the form 
of an ascending spiral An artificial opening never gives as good drainage as the 
ostium for the reason that this original direction of ciliary movement toward the 
ostium is maintained (Proetz, 1932) Those wishing to pursue this subject further 
will find helpful reviews of progress in the Archives of Otolaryngology One by 
Salinger (1942) on the paranasal sinuses gives valuable leads. 

Pharynx.— This is used by both the respiratory and digestive tracts and partakes 
of the properties of both It is usually held open in an up and down direction, to 
facilitate breathing, by attachment of the pharyngeal aponeurosis to the rigid bones 
at the base of the skull, to the mandible, various ligaments and cartilages of the 
larynx It receives the mucous drainage from the posterior nares and Eustachian 
tubes above and from the larynx below, which is normally disposed of by swallowing. 

The surface epithelium of the upper, nasal part, of the pharynx is ciliated and 
supplied with goblet cells In the tunica propria are glands which yield the required 
serous and mucous lubricants There are also many Ijunphocytes which may assume 
the proportions of a pharyngeal tonsil In the lower oral part, the epithelium is, on 
the contrary, stratified squamous, closely resembling that of the mouth and esoph- 
agus, while the glands of the tunica propria are wholly mucous On the whole, 
liowever, the pharjmgeal surface is but poorly supplied with secretions keeping it 
wet It is by drying of this surface and of the epithelium in the back part of the 
mouth that the sensation of thirst is evoked The same region is a favorite site for 
beginning infections and a feeling of dryness is often complained of, but seldom of 
thirst 

Food is forced across the airway from the mouth in front into the opening of the 
esophagus behind by constrictor muscles Vflien this happens the opening of the 
larynx, known as the glottis, is closed by the action of a vagus reflex It is also 
closed reflexly through the fifth nerve when certain gases enter the nose, through 
the ninth nerve vhen they irritate the pharynx and consciously to maintain pressure 
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dclic-itc l>oim<!nr\ t^p!C•ll of nn nKeolu^ the pav-cij^c cnn \)c HlcntifinlaMre-'' 
iton bronchiole ‘ 

Alveolar Ducts — Thecc lend from the rt^pinton bninchioltN to tin ahnli 
riie\ art rccopnizablt tn «:ect!ons h\ the contours of their wall Con pininj< 
nrt imMinl fohU the mnennost parts of which arc thickeneil b\ dehnti lxir<b • ' 
■-mooth nni<(le with the result that m sections thc\ look knoMike (hr ITH) 
\hcolar ducts arc the last diMsionsof thenir \\a\ toliesupphwl thusincompktrlx 
with imi'clc \l\ col ir sacs or better siinpl\ aUctdi bud olT fnmi tiuir ik-s 
Hut inanuffuidi'd e-irch form»nuti*e some people de«>cnl)e chambt r» oct i»i, n!!\ 
interposed lictwocn the al\ eol ir ducts and the nl\ coll which the\ c ill atrii (I^forr* 
courts or h in'.) 



1 ir IfO nnmcliiolc and pulmonaij artcr> w Inne nf a isti fwir jnr 
autopsicd thrro Lours after death Vnatoniicil findinjri m iidicicnt to ctphin nu^ ' ‘ 
Anker himnlin fixation HAT stam X lOj (Dept of Patliolosa No 10ia» ieanr 
It r '*to«ell> 


Alveoli Tlu-t art the ultimate di\i ions of the n^juntcrx trir— t le a' 
to jK-ak It IS t\i<lent tint thnr nails arc of catoithns tlimne-HH ar< ^ 
npill iru“< ttf ilu pulMintnr\ nrtcr\ canamft \enoU'> M'kxI f'**" **‘*^*’‘*" < 

mtunitt aw>cLiti<)iiwit!ithcaI\«)!arair(hiR 171)) NIo thi fo!o;;i< » 
tre fnito pirlh «)I1 ip Hlunps obtained at autuj«\ oropcration •-alia <■ 
arc not nomialK distindetl 
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bnno-likc stnicture ofT from tlic undcrhin;; tKMie ns i-, ilhi tnted m fiptre 1?' 
It rm\ nl«o \>c cjpnific mt tint m ccrtun tumor like pnmhs of tlic hinp^ of animd. 

(foW(lr% 1025 a h) and nl^oofIlumnns the ah poh become linnl with niWliI 
einthelmm Thl^ is rcprc-«cntctl m fipire 171 On the ripht is «iich an al\nlu« 
itb a pnpillomatous pro^ tli entennp from the side the cpithelnl cells of which «rr 
c\ en ci^lummr On tin left art otliir alveoli m the 1 l^p^^t of winch the e nlnrprmcrt 
of tpitlulnl celK is irapuhr some quite tall ones hemp sepmted bv flitter ones 
TJiesc epithtlnl cells must cither an ebv multiplication and swellmpof previou h 
existinp preatK flatttncil cells or bv the wholesale mipratjon of epjthcJnl crib fmm 
the bronchiole:) Tint cpitlicli d ctlKcin shift in from the sides fncinerconiiector 
tis lie:, denudwl of their usu d cpitlulnl protntion is wdl known TIic nnrpinsif 



1 10 171 — Multiple alveolar jjnrcsfrom the lower bonier of the liitiRof a msnasnl f 
The wall of an alveolus i« viewed vertical!} nie pores arc elear openinci of vans, e » J 
nithroundeileilses X 370 (Macklin coiirtcs} of \rch Path) 

the nlvcol ir jHires mdicatwl m fipure 171 do look os if thtv arc ron|titute«l h' » 

ilefinitP nicmbnm (I ip 171) but to assert that it is cpithelnl would lo ^ 

Hocati c in most < i cs mi cpitlitlnl membrane can t lit «« n w a natural ‘ ^ ^ 

apmnvt blind Wluf in itsexiatence but the presence ofn plasma membrane im: i ^ 
tlic evtophsm of all cells is not questioned ovvinp to our mabihtv to ^ 
ilircetiv with a micru'coiH' Convincing evidcnc* of a different onler < rninr^^ ^ 
that It IS a It d stniiture of surpas ing irniiortanec As vet the other 
He) inp conct minp the prcci e limits of the oUeoHr wall but for ihep^^n i 
likelv th It tlie idv cob arc surf icotl bv an epithelial sheet of < xceetlinp 
llem-ith tins hvi>othetK“d sheet isthccapilhrv «omeclastic i 
nntneti ilc cells luit no Ivmphatic capillaries It will l*e rcmcni >crr« 
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phatic capillaries are also lacking in the substance of liver lobules— another location 
where exchange between blood and tissue fluid is especially free. This tissue fluid 
presumably seeps into the alveoli as well as toward the bronchioles where it is picked 
up by lymphatic capillaries. On occasion, the alveolar fluid is, by exudation, greatly 
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Fig 172 — Tliree sections from a series wluch show ' 
the surface of theaheolar vail by the exudate beneath 
Special Cj’tologj’', Paul B Hoeber, Inc.) 


epithehum slightly raised from 
X 500 (Miller, in Cowdry’s 
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incm tn! o\(r tlio iioninl (for direct oI>^e^\a(lons see Ttm in^lv «<» ihiUn 
pneiimoni i tlic indn idiial nnv die from wlnt nnplit lie 'i<« ilnm-mns 

t\-ntcr prt\cntmj: him from breathing Cells can rnttr tJie nhwli 
thc^c arc ortlmar' ncutrophilcs others are macropluipc^ Tlio'^Mrccof tJichucr 
la m question \ few nncstijritofs contend that the\ are not of heninti(Ri.no'tM 
coniiectne ti-'-'Ue origin, but arc dtnxeil from the cpithtinl hmngnrfll liciire pri'p. 
erh max be designated ‘epithelial phagoextes ' 



1 10 171 -IIxTicriilaHtic alxcolar epilliclium in a sheep afflicted nifli a tumor like tli.-ex'' 
(jflgiicklc) ZenXer fixation 11 A E X 31D 

Blood Supply —Nothin^ iind lie <aiil al>out tin hlowl siipph of the iippr 

rcspinton tnct hut the lungs are like flic lixcr, peculiar in thereof ipli' fl 
inioiint Ilf rrrioi/f blood t?inci xcs'icls Icnlmg from tlic heart nrt tinnw a r 
tiu xcsscl cirrxing tins hlcxid fmin the right xcntriclc to the lungs is noun 
piilinon irx arterx Its stnietnre is that of an elastic arltrv and its irmc ^ 

the brunt hi and bronchioles anti Irreak up into the capilhries in t le 
alxctih xiIikIi liaxe httn nuntioncsl as xxcll as into others hin«> • ‘ , 

\irat<sl and thereftiri arfennl WixhI is collected fmm thc*c capi in< 
puhnoinrx xtinsaiitl rttiirnwl to tht left nuncic rturh^nn’’' 

trtcrial blucil for the tissue must also lit nourislusl nrrixesnu ,,[fi h 

hroiKlud arteries from the thoracic aorta or intcifnstil arttnes 

cnpilljrtes to flu hnnichi bronchioles and tehtetl strutfures inc la in 

branches of the piilmonirx nrlen and the suhpkiinl connecfixt i 
Mood from tlu'^e t ipilhnts is drained chie/lx hx the piilmnnan xi iri . 

Mtjuintlx eoiidiut a httk x eiums blood in addition to the I irge xo um ^ ^ ^ 

blootl anti to a rrimor ixttiit bx flu broncliial xtms njicning on le '■ 
tlu arx I, os xiin and tm thi left into tin aeces>orx Iitini izxpos or iig 

sil.le 

Identification of tlicxc xesatls iti staineel spctioas max J'os 
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of the pulmonary vein do not closely accompany the bronchioles but run at a 
distance from them through the connective tissue framework of the lung When 
two arteries are encountered beside a bronchiole the larger one is probably a branch 
of the pulmonary and the smaller one a branch of the bronchial, which, latter, is 
in structure a tj^pical muscular artery. A venule near a bronchiole is probably a 
tributary of the pulmonary vein, but, nearer the hilus of the lung, associated with 
large bronchi, such venules may be branches of the bronchial vein "l^'lien the 
orientation of the section of a bronchus is known it is convenient to recall that the 
pulmonary artery is ordinarily above and behind it, while the pulmonary vein is in 
front and below The blood supply of the lung, like that of the liver, is a favorite 
question on State and National Board eKammations 



Fig. 174 —In this superposition of a tracing of the bronchial tree of expuation (black) 
upon that of inspiration (stippled), the roots of the lungs of the two phases have been placed 
in the same position, which has meant movmg the outline of the e.\piratory phase doumward 
and a little outward Shows particularly the changes in length of the bronclu in tlie two 
phases, and serves also for a study of the interbronchial angles and spaces (Redrawn from 
colored figure of Macklm, Am J. Anat.) 

Mechanical Factors.— On inspiration the thorax increases in size, negative 
pressure is cieated, air lushes in backed by atmospheric pressure and tension is 
increased on the elastic fibers m the ah eolar walls and elsewhere On e.xpiration 
positne pressure is created, this exceeds atmospheric piessure, air is forced out and 
elastic tension is reduced, ^^'ith expansion and relaxation of the lungs there is a 
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UEINARY SYSTEM 

This system performs the central task of stabilizing the composition of the 
blood Epithelium again is the star performer The blood is caused to flow through 
capillaries beneath a very thin layer of epithelial cells through which filtration takes 
place Most of the filtrate is reabsorbed and used over again The remainder is 
excreted by the urinary tract Since the flow is only toward the exterior the entry 
of harmful substances from without is less of a hazard than in the alimentary and 
respiratory tracts 

Renal Lobes.— The gross appearance of a vertical section through the kidney 
IS illustrated in figure 175 The lobes are cone-shaped structures based on the 
capsule and extending inward The apex of each cone looks pyramidal in vertical 
section and fits into a minor calyx of the pelvis whence the urine is drained off The 
medulla of each lobe is seen to be striated Some of the striae extend out into cortex 
where they are known as medullarj’’ rays In each lobe are many slender lobules ^ 
of which the rays and their continuations m tlie medulla form the cores 



Renal sinus 


Fig 175 — Vertical ‘section through a kidney (Gray’s Anatomy ) 

A pulsating tide of blood enteis by the renal artery at the hilus (Fig. 176) and 
penetrates by interlobar aiteries between the pyramids These arteries fork when 
they reach the coitico-medullary margin The resulting branches follow the mar- 
ginal curve and are therefore called arcuates From them interlobular arteries 
spring and pass directly outward into the cortex In the cortex they give off 
afferent arterioles to the glomerular capillaries whence the blood is collected by 
efferent arterioles before being distributed to second system of capillaries which 

(217) 
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-trairfit ™ur.e Inekoinl into the p.rtmtds („r,er,o L mta) 

into onpilhries (hiR 177) Die cloraen.lt h-inc hk. ‘ »,„,]« ™ ^ am'"?'' 

riic cnpiiiin beds ore .Inmeil In correspondrac t, n„/i 

the lulus Intlnidunl mtcrlobiil le urterio suppli inrts oTtLr\ "'”1 

<lo not •.nnttomosc n.th their neighlmrs -nTn ire tspicil era! nrti" T 

one n oeelmW the tnsue tlepciulmR on ,t suffen, icLl' wS,’ tZ 



Fig 17o — \ntcnor 'ict of kft rrml nrtcj^ nnd ttie<Iiitnbution of brsJicli'*' « frb 
tiou to the jwUw ‘'IX inaiti lininchrs enter the kidney sul^«tancc Onb one (the Itt?' 
pa5 cs jio'tcrior to the peli « nt the Small artene* from the upper &n<f lower r.u 

Iir^ncliM pm UUvnd to the upjkt and lontr cnIjCM The irmainder run antenoT lot*^ 
pel\w and cnljTtN Tlic imJI hrunclie^ to the cortex of the antenor portion of the b’-'j 
!i&\e not been klrav.-n in order that tlic large hrandiea And the r>chi3 might appesT taef' 
dirtinctb (BfudJ ) 


nrtiries jnss to tlie ( ijjsult and anistoino«e uith bnnclies of tlic phrenic adrr'^ 
or intercostal artirics or with capsiihr nrtcncs nnsin;: from the rtml artcr) iw' 
in the liihis (lor ditailnl description of blood supjiK ec I/>orni» on'! Jett 
JultMUi 1*)12 » 

I^bales — riu renof fohuhs e^n best Ik distinpii Iiwl micni'cnpimll' *! rn t ' 
pime of ettion is pinlld to tlietr length I ipurt 17S diowi rmal o'TU'firs 
nmnpttl nlxnit a imxlulhir\ rax constitntinjjlhccciiti r of a Joliule Withlhonofx 
branclifs of interlobuhr artines and suns 
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By careful maceration in strong acid (Microscopic Technique, p 103) the tissue 
between the renal tubules can be removed and those constituting a lobule, can be 
slightly spread apart as illustrated in figure 179 Again the periphery of the lobule 
IS marked by the presence of renal corpuscles and the center by their absence and 



Fig 177 —Celluloid corrosion pieparation of the tei-mmal arterial branches of the 
renal aiteiy of a dog showing arcuate and radiate arterial blanches, aiteriolae rectse and 
poitions of the cortical capillarj'^ net (From Huber, in Cowdiy’s Special Cytologj', Paul 
B Hoeber, Inc ) 

the occurrence of many tubules pursuing a more or less straight course toward the 
p\ ramid 

Nephrons.— ^Yhen a renal corpuscle with its tubule is isolated fiom its fellows a 
dealer idea can be gained of its organization (Fig 180). It is a renal structural 
unit, or nephron, and is developed from a different mass of mesoderm (renal blas- 
tema) from that forming the collecting tubule (Wolffian duct) with which it connects 



220 


SlSTtM 


nnd into vsliich it db-cliirgcb Ijieh nqihron is ili\ isiblc into a reml nirpuvr}? a d 
0 «!cpncnts 

In tJie ratal airpuscle is a mi'Hs of npilhnes called a p?omcnilu< which oex^f r* 
most of the lumen In fax onhle *50011005 the afterent arteriole lending to it ami 
tfTcrentonoleadinpawnx can lie distinguished 1 he former m naturdh theU-rr 
for it carries whole Wood into the plomendar capillaries while the latter carr/a 
w liole Wood minus the glomerular filtrate The former is al o thicker hceau'c it v. 
tncasal in the juxtaglomenihr appiratus made up of ‘^pociil cells pov'Cs-inpoMl 





Iio ns Ki.lim otfi>cda> iild«liitcimlc«lioilicilofc<>liW i 

oiie-qiiarter lioura later I ormalin Zenker H i E X (IXpt 01 0 1 < 
ington tinner'll^ No 10J12 ti«. uogi'cn bj Dr H E Stondl) 


\esRuIar imoh 1 and conspitiimHcxtopIasiiUcgriniile-* (( ig 1^0 ** 

point lilt ns(a iKlrng thick sigmciit of the nualull in Iwp comes inb) r ^ 

with the nlferint irtiriole niid the epithelial cells of its wall next to y, l^r, 
distJ/Ktl' ljr;,<r tJun the others Jhcsc constitute the maatn .j 

which 14 nitu «1 of forming the Wo<m 1 pressure riHing substance rem 
mintioiiwl later ..pj-ol fl*^ 

riie Wall of the final cxirpii cle is made up of a single laser 0 ' 

Inokins <pithrli.il crlts (Howman 5 capsult) rontmuoiii wit 1 1 * 

thinnir licet of tpitlulu! cells which imests the glomerulus an« 1 



Fig 179 — Arrangement of nephrons m a microdissected lobule of a noimal adult kidney 
about the peripherj'^ are the renal corpuscles each surrounded bj' mass of its ou-n proximal 
convoluted segment and associated distal convoluted segment From this cluster two tubules 
pa=s to medullar^’ ray. proximal convoluted segment entering the ray and thick segment of 
mcdullarj’ loop lea^^ng ray In the sheaf of straight tubules that compose the ray the 
junction of collecting tubules can be occasionally seen X 15. (Oliver, Architecture of the 
Kidnej' m Chrome Bnght's Disease, courtesj' of Paul B Hoeber, Inc ) 
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njoht 1 hot^tholmm '„t ‘"' ’'''"' pP'" ■"« *u|,p. 



“it<i « IJotJ, m / '( "| 1' ^ pcntnncum tti^rrt tlip orpin vrliidi rTlrr<( 

tijIjijJr ( JomrM I *' ^ dpJicnte Insmciil incrnbrani ns n imlttiJ tlieff*'-'' 

nt 1 TKiint c^niiiiolaTnx In a tufiiib ItiMDR tfip n rif 

’ ' '■™'''-' from U,e ^.scuh^ ntucl.m.nt of tl,r rI. -nrmlo. f' 
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unnm pole ns contmtcd mth the\*iscuhrpoleof tlicconnisclc (H? 19;:^) Ity 

not correct to u e the tenn pfomoruliis is <Mion\moii mth rrntl corpiM^ tJ 
nfnchitissimpK ipart liemlcorpu'^Ie^nn. known ns MilpisluancvrpowlfT 

1 Tlic -proximal contalulfrl irgmenta or tuhiilos as t!ie% are TnYiuenth ra'’^’ 
umhIK lend ofT direclK from thenephron> (Iip l&l) ImtinterpoxetllictwTentlfn 
and the ntphrons nln^ occur short neck «cjnncnts rn hIc up of rlnr nfhcr Rat crU 
like those of Bowrmns cnp^ulc Idontifitition of the proxitml ctnnolutn! «<- 
mcnts IS e■ls^ The\ nrc conccntntcil tn the i)enpher% of the lohulos aUiut t’-f 
renal corpuscles ind mikc up most of the hulk of the ft>rtet of tin knlnrx TTn 
stain much more deepK with oosin thin tin. occnsKunl distal conM>hifisl • 






and initial {or nrcliwl) collectinR tubules found in this locslitv 
becnU'C tin ir cpitlieh il cells has c Insnl stmlions and brush Untlcrs c 
mas Ik* imu unl mifix-hondm ami the httcr resembk shplith p 

of absorptive intcstiml cells Lnfortimnteh the rpithrhum of tin ^ ,v, 

particulnrh su ctptible to postmortem chnnRcs so tint m ordinan 

distal surfaces of these ctlU with their brush Iwnlers are often niu , 

Thev ait however well shown in fipure 184 "^"^^ ^**^*'^*^***^ t 

proximal otnvoluicvl e;nnent and to its metlullan jwrtion 
structural fratun^N of thus cj^nent arc (1) the prt'st w idth of tlic rrln J ^ ^r, 
of which frv* nudei are cen m cross sections (J) tlir indhtinctne* 
which arrof vrrx irrrpiiltr shape (Foote and GrafUin ** 
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ness (50 to 60 n outside diameter) By a special technique it can be demonstrated 
that alkaline phosphatase is present m large amounts (Kabat and Furth, 1941) 

2 The comparatively straight medullary 'portions are structurallj' and function- 
ally parts of the proximal convoluted segments of -which they are the continuations 
m the medullary rays and outer paits of the medulla (Fig 184), but interesting 
evidence has been advanced of segmental differentiation in rats (Grafflm, 1942) 
Both can be beautifully demonstrated by vital staining with trjqsan blue 

3 The thin segments are the parts of the medullary loops (of Henle) that usually 
extend farthest into the medulla No difficulty is experienced in their identification 
They are illustrated m longitudinal and cross sections (Figs 185 and 186) They 
are to be distinguished from large capillaries b}”^ the absence of blood m them and 
by the fact that their epithelial cells are less flattened than capillary endothelial 
cells so that moie nuclei are included in cross sections In favorable specimens a 
few thin segments can be observed turning upward 


Initial collective 
tuhule 


Proximal 
convoluted 
•>en>nenl 
u ith brush 
border 


Distal convoluted 
segment 

mthoiit brush border 


Fig 184 —Brush border, m kidney of five day old white male Same specimen as 
figure 178 Fixation m formahn-Zenker, iron hematoxylin stain X 960 

^ 4 The tlnch segments of tlie medullary loops are continuations upward of the 
thin segments Since they usually begin at points nearer to the renal pelvis than 
the places m the descending loop where the medullary portions of the proximal 
convoluted tubules transform into the thin segments (Fig 180), theie aie places in 
the medulla where they are present and the medullarv portions are lacking Occa- 
sionally in the outer medulla, in sections cut parallel to the length of the tubules, 
loops of tliick segments turning upward can be made out (Fig 185) These are 
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from rpml corpu>^le^ located in the outer cortt x the thm ‘^‘jrments of niuch ^ 

onh the ouftr part of the dc^ndinj: loop The thick «cpnients a<ccn.l n p 
mciUilli md mc<hlU^^^ n^ ^ out into the pcnphcnl p irts of the lobule 
come into clo'-e contact iMth the afferent arterioles of their plomenili (Ff jsa 
^vhere the% become distal conxohitetl sepnents of which the\ nit the Mn 
portions 

’) riie cnnrtilutcd ^r^weutt ire much shorter than the pnnimal ere* v 
tint the\ art cut m fei\er •sections in the ncichliorhoofl of the remt coq'U'Hn 
Besides their rchtne mfrequenct of appearance in thi^ npmn tliere are M‘'f 
points to be considercil in distinpuisbinp them from pnixima^ iwoohilftl *esirrr* 
Their outside diameter n ii inlh less their cells arc shorter stam less intfr-<! 
and arc not equipped with brudi lionUr' Momner thc\ an. not vj i. 



the cells j)f tiu proxiiml consoluted segments so tint nuelfi arc more nur 
ti Flu ttnti il iiillrrluig segment* pursue arcluti courM^ from the 

soliitwl scgiiH III iiid enter collecting tubules tn till meilullir' ^ss ^ , 

Iht colhstiiii. riibulcs which tliiisrcceivcunne from the ntphnms ju 

the j>thi'» in iIm oxduUir* rai* and psra/ftids Hiti nrr of tsiiir^ 
in till iiu-diiUtn rns than the mediillan portions of the 1’"’’""'? 
scgiiicnts nnd til. tin. k ♦gruonts of tbi mwlullaia lofips l.ecaii'erat . 

than < nc mplir n < ontristoil with tlienr parts of mphrons ihr'r * j.' 

If vk f pripanti ii a . h ir blue t-olor not so tingisl with rol (riP ’ , 

t>iTa Kiulb oiu find twn Ixsstmtng confluent XppnKiihtn. f e 
enlarge amf are gi\ eii .ujipr quite unnecessars names 


/ 
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It may be safely assumed that these several divisions of the nephron are nicely 
adjusted m size and structure to the function served Division of labor among 
them has been under discussion for a long time It is not advantageous to have the 
glomeruli exceed an optimum size^ but the number is considerable In both kidneys 
taken together there are from 2 to 8 million of them The combined filtration 
surface is about 1 5 sq meters (see accurate measurements for rats by Kirkman and 
Stowell, 1942). The complex plant carbohydrate, inulm, is filtered out by the 
glomeruli in the same concentration as that present in the blood and is neither 
excreted nor absorbed by the tubules Consequently the volume of plasma, cleared 
of inulin per minute is the volume of the glomerular filtrate. The volume of filtrate 
in twenty-four hours is in the neighborhood of 150 to 200 liters To let this escape 
would be both uneconomical and fatal The purpose of conducting this great flood 



Collecling 

tubule 


Thick segment 
medullary 
loop 


Thin segment 


Fig 186 — ^Middle of medulla from same preparation as figure 185 


through so many long, highly absorptive tubules is to recapture about 99 per cent 
of it, not in a haphazard way but selectively so that the components, which can be 
used over and over again, are retained while the waste products and the substances 
present in too high concentration in the blood are eliminated A consequence of 
this tremendous backward movement of fluid is that the tissue fluid between the 
tubules is being flushed out mostlv into the capillaries at the rate of over 100 cc per 
minute 

he researches of Richards and his associates on lower forms have been e.xtended 
to the neplirons of mammals by Walker and Oliier (1941) and by Walker, Bolt, 
Oluer and IMacDowell (1941) These investigators have made direct analyses of 
fluids from renal corpuscles, proximal and distal convoluted segments The details 
we lea\e to e.xperts, but it can be accepted as pro^ed that all segments absorb 



228 


SiSTFV 


water and urea and tint the proximal comoluted -segment ahsorK ^tinr 
and other «uhstances Tlie distal comoluted «se£nnent absorlw tht 

urine hcconic^ more acid 



1 10 ls7 -Cro « cction through «ule of reml pvranml Same specimen iw firire I 
''tamed with n A. E X 32 j 


Non 0 t mlinps c in he dcinonstrateil in the e|iithcli il cills hut their fiinct»in i 
ohveurt ii it IS known couccrninRthchomion d control of thetnhulirciutlid it) 



Inc ) 

K uininariinl l)\ Mi ninnn (l'»I2) Tlif adrenal conioil and the jutu urs « 
diuretit hormones art oinehow imoUrd 
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The origin of renin, a “pressor” substance produced by the kidney, which 
increases blood pressure, is not accurately known Kaplan and Meyer (1942), in 
their examination of the kidneys of pig fetuses, find that the renin content is inde- 
pendent of the arterioglomerular component and directly dependent on the number, 
size, and functional state of the tubular component The authors point to the 
absence of specialized juxtaglomerular cells (Fig 181) in these kidneys as indicating 
that cells of this sort are not essential to the manufacture of renin The macula 
densa (Fig 182) has also been mentioned in tins connection The source of an 
“antipiessor” substance that reduces blood pressure is obscure 


Colleeltng 

luhule 
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luted segment 


Renal 
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Hypertrophied Atrojihied 

Fig 189 —Reconstruction of hypertrophied and atrophied renal umt to show range 
in size in chronic Bright’s disease X 50 (Redrawn from Oliver and Lund, courtesy of 
Arch Path) 


Like so many other organs, the kidneys have a large margin of safety Urine 
formation is adequate after one has been removed It may be concluded from the 
fact that cell division is seldom observed that replacement is normally not a very 
conspicuous process Renal epithelial cells are probably rather long-lived Oliver 
(1933, 1934) attributes the tenacious survival of patients suffering from Bright’s 
disease to certain patchy areas of tubular lij-pertrophy He investigated alterations 
in size and shape by making reconstructions from serial sections and by the macera- 
tion m acid and isolation of individual tubules by careful dissection in much the 
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Mint x\a\ t!nt Huber m\c^tlgntcd nonnil kulno\*s some thirty O^nf 

disctj’.cred that the outstanclmj; modification i^ in thcpm\«n\\ const^'bjto^ kSt,'-' 
i\hic!ima\ h\ 7 >ertroph\ ns much as fifteen times chiefii bi mcrc'i'cmkdffih ar/f 
thus rcphce in phjsicnl sue 15 des.tro%ed tubules TiRurt ISO gnes a ceinTpi^a 
of the range m size between In’pertrophi ind atropln He stiggesfs tint it du 
he on this portion of the renal unit that the Mcfuli ihsintigntin}, organ grafloa)'. 
rehes more and more Another significant observ ition was th it tuhuhr intfgnt' 
do^not depend upon a normal glomerulus Sonu hipcrirophicd tuhul« 
glof^ruli which were reduced to bloodless masses of colligcn and cmiW l^tr^ 
fore be regarded as pin siologicalU aglomerular (I ig 100) Ait JrojnjhelitK 
logical appearance of the cells of such an lii’pertrophied tubule there b no 
to doubt Its functional abditj so that it is analogoib in a wa\ to the atloiiicnibr 



tubules of certain fidics In some contracted kidiitis tbe 
were c\en more miinerous than the glomerulir ones ^nd Olncr 

ntubular glomeruli (I ig 100) tlie functional serine o! which, n an'* r ' 

the imagination 1 

Uriii^ Passages -- 1 rom the minor tcnnl cal> as tbnt cap fnini tlf 

including in(»3t of the urethra the unnepaa-ses through clinnnch ui err 

-ugmcnls of the nephrons and the collecting tubules in tno 
tpiiholialluim,^ b^t^Jltlf)ed consbtsof seitral 1 i 

and IS mmii Ifs pinnoablc The muscles in tbeir walls proiiue >n 

of fluid and f<ir itd am-st at stritcgic points lij sphincter actio» jpicr* d 

niP minor ci1\i\*3 art hollow musculir cups tiint fit snug \ o't 
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the pyramids and lead through slightly narrowed stems into the renal pelvis By 
slow, wave-hke contractions, beginning proximally and proceeding distally, tliey 
are thought to press the urine out of the pyramids into the renal pelvis as one 
presses the milk in streams out of the teats of a cow The walls of the pelvis itself 
are also contractile and force the urine into the funnel-shaped opening of the imeter. 
How far this muscular action is required is debatable, for the kidney can maintain 
a fairly high excretion pressure so that the urine would naturally pass in the direction 
of least resistance 

The ureters are long narrow tubes, the muscle of which is disposed in two chief 
layers inner longitudinal and outer circular— the reverse of the arrangement in the 
digestive tract Urine is encouraged to flow onward by rhythmic peristaltic con- 
tractions A good description of nerve supply is given by L R Wharton (1932) 
Since the ureters pierce the wall of the bladder at an angle, then lumina are com- 
pressed when the bladder is distended 



Fig 191 — Urinary bladder to show tiansitional epithelium 

Obviously the bladdei is a urinary reservoir. Theie are three layers of muscle— ' 
inner longitudinal, middle circular and outer longitudinal — but these are not 
sharply defined except at the internal sphincter guaiding the exit of the urethra. A 
well-developed intrinsic nervous mechanism exists in the wall (Iljina and LauTent- 
jew, 1932) and search should be made for plexuses like the submucous and myenter- 
icus of the intestine The autonomic nerve supply is described by Gruber (1933). 
Elastic fibers are abundant These early show the signs of ageing. The epithelium 
of the bladder (Fig 191), as well as that of the renal pelvis, meters and prostatic 
uretlira, is of a special tj-pe, designated “transitional,” not found elsewhere. The 
cells naxt the lumen are large and have a distinctive bloated appearance. 

The prostatic urethra receives drainage from the prostate (Fig. 271) The 
membranous urethra and the female urethra possess occasional intra-epithelial nests 
of mucous cells and some small urethral glands (of Littr6) Both are guarded by 
sphincters of striated muscle For the nervous control of micturition see Cloake, 
Learmouth and Barrington (1931) also, on the clinical side, Langworthy et al 
(1936) The most detailed and best illustrated account of the entire urmarv 
sj stem IS provided by V jMollendorf (1930). 
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Tlie ki{lne\'S do more than miintain tlic con^tanc% of the wits m llie Ik-w. 
TIip\ are the lendmR repihtors of w^ter metaboli m etertte n-fU 

l»ohc prcxlucts C'pecnlK nttrojjtn \nd the «c^ hormone^ IjncUkidneN iuhruleu-' 
of a mdlion or more nephrons which ^la^ be r<^rdwl ns the funettond s-vl 
each of these is dn i ihfe into a rtn il corpuso/e protjiml com oliitwl *<^en! wi i 
me»5ullirv portion thm and thick ‘‘t^pnentj* of the in«fulhr\ loop di talconvektel 
an<l initial connectinc cespnonts Tlie rnial corpuscle looks like a hloo<l fihet Ii 
consists of capdlirN loops ini este<l b\ a delicate hi er of epithelium corttitutip^* 
plomcrulus, enclosed in a capsule from which the proannal comolutcvl lejratit 
leads Hie circulation fa\ ors the ploinenih since all tlie arfcri il LIoihI traiTcss 
them before it supplies the remil tissue hor nearh one Imtidrcil scars the pin.' 
pi i\e<! b) tlieplomcnili and thesarioiis si^mentsnf the tiibnle in urine fonna5>>fl 
lias D been nctisels debateil Now it iscUar that ploincnihr filtmti is pnxhi''wln 
large solume and that mucli of this laselectisth reihsorl>«l In tin scpmentiffth 
nephron Renal function is IvrgeK endocrine controllwl Hic urmin pa si-rs. 
tliat conduct the urine to the outside nre epithelial tiih(-> peniTovi iv pnwdd 
w itli muscle so that here ncia ous regulation looms large 
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The nervous system also integrates, but in quite a different way from tbe blood 
stream, not by providing the essential medium, water, and by water-borne trans- 
portation of materials but by impulses that are rushed along nerve fibers at a speed 
of about 87 miles per hour. The vital unit is the nerve cell, but the integrative unit 
IS a reflex arc like the one illustrated m figure 192. The stimulus is received in a 
receptor (the skin), the impulse is passed centrally by an afferent conductor (a 
sensory cell), it is adjusted in the center (perhaps suppressed or strengthened) and 
an efferent conductor (a motor cell) transmits it to an effector (m this case muscle) 
The actual connections are of almost unbelievable complexity. These we cheerfully 
leave to the course on neuroanatomy, for which there are several excellent text- 
books, but a few facts of general interest must be mentioned to round out presenta- 
tion of microscopic foim and function in the human body 



Fig 192 —Diagram of simple reflex arc involving skin, spinal cord and striated muscle. 


Nerve Cells.— Gland cells respond by secretion, muscle cells by contraction and 
nerve cells by conduction when adequately stimulated The stnnulus is received 
from cells so constructed and located as to be actii'ated by changes that evoke no 
response in other cells— in other words their responsiveness to certain stimuli is very 
great wliile to others it is but slight The chemoreceptors for taste and smell have 
been mentioned The receptors in the eye and ear will be briefly described later 
and some of those m the skin in Chapter 'SY 

I he shape of ner\e cells is bewildering in its variety, but when each t^qie is 
examined it is found to be adjusted to the performance of a special task Some of 
them are the longest and the thinnest of living elements, while others are quite 
short All of them are divisible into cell body and conductile processes The body 
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contims the nucleua and is altta\-s the widest pirt Sometimes the brj^^i 
Jxxlies p\ e to the longest proccn-es Thll^ i motor cell of the •mtermr hr*n c' 
the “spinal cord ina\ ha\ e a diameter of about oO n and extend an axonc (G c.-- • 
axis) 7 p in diameter to the muscles of the foot a distance of approxinnteK 1 netf 
It IS true that we cannot follow an indi\idua! axone h\ actuil dK'cition all tl'^ 
distance but weknowthit when it iscutoff from theccll IxxK, sa\ attlicpo^it \ 
m the diagram it degenerates distalU throughout its length and the des:cr>eritsn 



Fig 103 — a ner^ecclI (St8hr) 
and nhich is termed a dendraxone 


reaches to the ramele A simple raKaLt 
tion shows that the relation of diunftf 1 1 
length is the «ame as that of a tclqKjo 
wire 2 min in diameter, catmlmj 
kilometers Tins single efferent procr 
can be distinguished from the alTfitr 
ones, or dendntes (G dmdnlts trrfdilf) 
which gather the impulses iiitntlecrn 
b\ the examination of nlmo'tani 
of tlie spinal cord The cell both n ulea- 
tified b\ Its single largt «phencal niidfU' 
and surrounding c\ toplasm In the bt r 
basophilic Nisd l)odi(> niai he 
rho-'C extend a short dL«tanci out irt 
the dendrites which arc hraiicltitig pc 
cesses of diminishing prtli butarrrevr 
found in the nxone or in the eilipU “J 
from which the naonc «pnngi (aif f 
hillock) Such a motor ixll aionem ‘l 
picture m its entiretv m illtinrato! i- 
figure 193 

riic'cnsor} cells of the «piaal J 
arc just as long and ctpialh iinpo*Mn?t 
studj ns I'^ohtcd mdnidinls In 
case the peripheral process mai I'C 1 mHf 
or more in length carriing :nipuaj« 
inwani A short distance fn>iu the 
It becomes confluent with the central p >■ 

cess which tnnsmits into the con! ’ 

nmmation of spinal pnglion vcti-'J 
shows globular cilU with icia e* f 
cesses Often each cell ha^ onl^ one i 
which the Nissl l)odies do not penew 
because it giacs n^e to two oneo^nm 


toward the cell and the other awa\ from it 

The IkxIics of both large and small nene cells can Ik ^tmhe* m 
«<-ction3 In u method which Golgi discoaered almost bi chaiur an< | j 

liwname It consists of viakmg the tissueinpotassmm bichromateio 

sulncquent infiltrition with siher nitrite Tlic resulting f*^***"' 
failunrs until tin % are exarnincsl m detail wheninsomenreasa * f,{t- 

cells are found to l*e blackenctl with all their procev“<-* lhnu„ i ’ j( f 

unafTecteil Tlic reason whs some should be pickcil out mnaias a 
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were not so, if all were completely impregnated, they would hide each other so 
eftectively that none of them would be fully visible The appearance of a few cells 
IS represented m figure 194 The length is proportionally much greater than that 
indicated Actually, the length of the axone of the motor cell (C) is about 60,000 
times the diameter of its cell body, whereas in the diagram it is only approximately 
100 times The portrayal of the short cells (B) and ( D) is moie accurate but is not 

to scale 



Fig 194 —Some of the principal forms of nerve cells The direction of conduction is shown 
by the arrows (Bailey, Textbook of Histology, Williams & Wilkins Company.) 


Obviously, nerve cells must maintain their shapeliness The surface film may 
consist of monomolecular layer of piotein or of lipoid, but it possesses a micro- 
scopically Msible thickness and definite tensile stiength so that we may safely 
assume that it is reinforced The question is, how*'' Reference again to a section 
of a spinal ganglion will show that the nerve cells are invested by special capsule 
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celU Some lone axoncb are cn<n«wlm ‘she »th!» which \ ir\ in thicktirvs dfpfri’ 
on their t^•pc and the particular part of them cTaniinciI The flUrs arr 
tnpether ha connectiae tissue as mduidunl telephone or telepnph wins are hu ' 
toet ther in a cable N cr\ c fillers arc <o strong and flexible that tliea arc U'ol f 
thread b\ certain tnl>es in the Vorth Tliex arcof whitish color, owmgtothci It 
a a'sculanta 

In ordinara II &. I stamcal ‘•ectioiis ncracs can often lie identificil ’H'ea ff. 
qiicntla occur beside blood a csscls Scon m cross wtions the outline of a rme i 
iisuilla rouiulwl It is inaesttxl with n conneetiae tissue ‘>Iientli tin lyrrm-if- 
tht colhptnic fibers m whicli are dispo-'Otl in taao tlccussatmi; “ipinU ((tire* l^t. 
Stpta of perineurium niaa extend into the none and siparate the nerae filH-rs i i 



I K lOo -Cro ^frctionsofcatsFCiaticncnesproivircilb) tliffcrent techm i ^ 

1 10 ji^r cent fornialin, hcmatoxjlm and co«in R, 1 per cent 

^uL<.n..p^^<Jme ihor 4 «hoais but Iillle m 5 the sheitlis of 

apjrear hhek in ( the nxonts of lH)th nijclinatcd and non miflin-atw ti 
impregnitoii X -100 (I’liofomicrograph bj J I Ol-ear)) 


\lHiut tlicimhiKlunl fibers arc minor shcitln "Ml 'Hil*''' "'’yj'," ,I 

«n/riio« lik<a\i-se txin**istmp of a iviilanzeil coiinectiac tK<ue 
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their size, while silver impregnation reveals the shrunken axones of both myelinated 
and non-myehnated fibers, the sheaths remaining uncolored (Fig. 195, (J) 

■\^dlen nerves are examined at acute angles, or longi- 


tudinally, m routine preparations these features are 
not so readily observed. Figure 196 is a diagram of 
two single myelinated fibers The myelin sheath is 
blackened and is discontinuous at fairly evenly spaced 
intervals, the nodes of Ranvier Between each node 
the neurilemma (a) consists of the cytoplasm of a single 
Schwann cell of which the nucleus is shown (c) 

Figure 197 is particularly instructive because it 
shows the appearance of the same isolated myelinated 
fibers when examined in polarized and ordinary light 
In the former the myelin sheaths shine out brightlj’’ 
and it IS evident that they have cleftlike cuts, the in- 
cisures of Schmidt-Lantermann 

Figure 198 illustrates a partly longitudinal action 
of an eye muscle nerve m which these incisures are 
very conspicuous By microdissection de Renyi (1932) 
has found that the neurilemma can be easily detached 
from the myelin sheath At the nodes of Ranvier, 
where the myelin sheath is interrupted, the neurilemma 
comes into direct contact with the axone in peripheral 
nerves and is adherent to it. Where present the myelin 
sheath is closely connected with the underlying 
axone By a:-ray diffraction studies Schmitt et al 
(1941) have investigated the molecular structure of 
myelin sheaths They are constructed of “concen- 
trically wrapped layers of mixed hpides alternating 
with thin, possibly unimolecular layers of neurokera- 
tmogemc protein material ” 

The cjdoplasm of nerve cells is fundamentally 
similar to that of other cells As is to be expected it 
contains mitochondria (Fig 199) Nissl bodies are 
present m the cell body, and larger dendrites, but are 
absent m the axone and the part of the cytoplasm 
from vhich it springs (axone hillock) They stain 
deeply with basic dyes like methylene blue, exliibit 
quite distinctive patterns of arrangement in some cell 



tjqies (Malone, 1932) and are regularly modified bj'- Fig 196 —Diagram of 
injury to the cell (Fig 200) Tinctorially, and prob- mj^elmated nen^e fibers 
ably chemically, they resemble the basophilic material ^-reated with osmic acid 
in the proximal parts of acinous cells of the pancreas Ranvier, a, 

Another fundamental cjtoplasmic component is the (GmyTTnatom^ 

Ijoigi apparatus, which, here as elsewhere, shows rather Schaffer ) 
definite responses to injury (Fig 201). 

^ erj'' striking in special preparations, but somewhat more elusive are the neuro- 
fibrils (Fig 203) _ In their interpretation v e must remember that fibrillar formations 
are not unusual in other cells (epidermal, muscular, etc ). Covell and Scott (1928) 
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1 tn 107 — I'ointwl ncriplicral none fibon nf rnt« m clirnnic Pi 

Mowoil Mitli crovwl ^\lcoL9 (pol-\nzo«! Iisht) nml with direct illumination X ff’nn 
Prickott ^almoiinnd^cliradcr couric'tj of Ani J lalli) 
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nrcinti'na of conjunctna fixation ard If A / 


hvivc mrr'$bed stror.c oxr-oriir.oatsl evivienoi? tiu't the G-e^gi eppitntt-as or Ket^'orx 
rx^dte irotti the ectior ot tlie teL.'iirioue on droplets of nieteru'l sttruisble Y.-t;: 
neutrt'.I rext ui tWaly teosexi Ker\x' cells es illustrated m %ure -0-.^ Xo$- o—P ot 
this ticure shovr tlie hhtcketii'og of the ted strdrcvi grer.ules wutci ostuto uc:u oxta tlxe 
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I!?!?.— Lsrge norvo cell o* wbite xuoase iu 
havobeeu stared by QwxxrA's r'ethod. 


which fJanxeutous and rvxi-hke tnitocx.ondr^ 
X It’fO. iXto'iolson. Am. d. -Gtat.^ 


rrruugetuexxt ot a few of them ixi liuear series. Xos- — II iUustnxte the atraiity 
of simihm prnxules for siKxm. No. 12 is a better instance of the linear arrongeiuent 
of the neutn'I revi grc miles, io an incomplete and Id a cvnnplete iinpreguation with 




f \ 9 I ' y 







A 




A 

■S N 

V 



ii* '' ■* y 5 * » A 

\'> 

A 


■t B C D 

Fio, AX> — dt.'pjs m the disaopc.irauce 0 ‘ irou-containin!; pmteln. whic'i ix-'-- 
resxx-'nci'^ lU Ux.^t txxrtbv to the Xi-<sl sabst;niee. in the cells o' the hyjxi^lossxd 
ne-\o,o: the white rat lollowini: axo le burnn-; A. The uo-m-l: i>. the tldrd day 
0 thd ^xwx'lUh d'-y P. the tiiteeoth d\y. t^^ichoXon from Cowxlry, General 
C\ toh'c>'. Fuiverxity o‘‘ Chicasn.' IXess 


online .lold Such prep.irations demonstr.ue that, under the influence of the 
technique, the pm miles become .rrranpxi in teries take up oMiiiam or silver, as the 
e.ise may be. .‘^nd btxxnne continent to form a typical Golpi network. This con- 
cUidon is supported lo the observations of Cow dry and Scott on the penesis 
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of the Golgi appantus m the mahml pansite, m which e\on stage m the ti c 
formation can he followed under the microscope 

Of thc^e four components onK the mitochondria arc clcarh MilJe n p,, 
none cells Irat the rcsulanti of the occurrence of the otlursui fuel nil sr,l,i, 

sicmfie-mt modifications that the\ undergo mdilTcrcnt function il stales ^ rules' 
thatthes arenotaltogcthcrnrtifacts Benslea and Gcrsli (I03J) 



Tio 201 —Response of the Golgi apparatus of the cat 4 Norms! antfn f 
homrelN B retupcrsion m an anterior hero cell seven liaj’S after «rctturi of 
scntic nerve C rcti«per-ion and rcUsolulion in a cell of Clcrkes teliimn fw 
(laj’s after section of the cord (Cowdrj after Penfield, in PcnCdds Neurol 
Paul R Ilocbcr Inc ) 

refined toolinique involving freezing in liquid air ami dchvdntion t« rocHiwl e 
'itill fnircn thus ivoidmg chemical fixation discovered traces of Nn^I Utlieshi t n t 
of neunifibnls though tlie latter do occur and c m he seen in irrtnin hv me invrr*e- 
hrate nerve alls Cellular mineral nsh is represented m figure 2tM I ipoidgnr r* 
nre promt aKo pigment in some cases and cnzvines, hut ns far ns is now livi'' 
theeheinical components of thecjtoplasm arc not significaiitlv ihITrrtnt from i 
of otlu r cells though thev prohalilv arc present in difTmnt proportions 


LEcc^'D FOR Fig 202 

Fio 202 —Nos 5-8 are camera luada drawings of the Fame cell from • ^ i 

Fpmal cord of a vitalK stained mouse (5) before (6) ten minutes (7) 

(S)Feventv rivehoursaftertreatmentwithosmicACid Nos 0-11 ^ mi f 

determine the effect of Da lano a aiher technique on the neutral rrjl granjirs i ; ^ 

fitation (10) three minutes after addition of fiiative containing cnhalt nitra t ^ 

tnentv minutes fixation one hour wUer nitrate fifteen minutes roluftion in j, , 

mixture No 12 A vntallj stained rcll thirtv minutes after fixati-n m hour ^ 

The saetif W lia\e coa!e*ml to form tortuous clianntls and the granu 
Finglefile Non An incomplete and complete oemic and imi rrgnatien m 1 
cells (from ( ovrll and *kx)tt courte?> ofAnat Rec) 
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Fig 202 
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The nuclei of hrge none cells ire clnnctcrizcd In one or more pr^^" ^ 
nucleoli ind In tlie cmpt\ nppcxnncc of tlicir nuclcophsm compirol t' 
nnrket! ln«:ophiln of tlicir extophsm Ilcmck {1*127) IkIicxcs tint nctinn uc' 



1 10 201 — lumtiornl elnngc^ in ncurofibnl m n l)il>crinting aminAl I iluring iftin » 
D (luring rc't (Cowdrj after Cajil, m PcnficMs Ncurologj l-iulll IlocUr If) 
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across in one direction only, and it serves as a protection for either cell can die 
v'hile the other goes on living. 

According to evidence critically evaluated by Danielli (1942) the essential 
component in the walls of all cells is the plasma membrane. This conditions per- 
meability and its integrity is essential to cell life. It is said to consist of a continuous 
layer of lipoid molecules (phosphatids, sterols, fats) not more than 2 to 4 molecules 
thick on which proteins are adsorbed The lipoids give permeability and the pro- 
teins mechanical strength In his opinion it is improbable that the lipoid layer is 
ever thicker than 10 m/x and that the whole membrane is between 1 /i and 1 mu 
(=0 001 ju) thick We cannot, therefore, expect regularly to visualize the plasma 
membrane microscopically by visible light because the limit of visibility is a particle 
about 0 25 jLt in diameter. However, the location of the plasma membrane is made 
clear by the difference in properties of the cjdoplasm which it limits and the sur- 
rounding tissue -finid and also, in the dark field, by light reflected from its surface. 

Such a plasma membrane -is obviously conditioned by the cytoplasm within 
and the fluid without Iffliere, as in a synapse, the plasma membrane of another 
cell comes into very close contact with it one would not expect its properties to 
remain the same, though each plasma membrane continues to guard the life of the 
cell to which it belongs Another modifying factor may be the circumstance that 
the giving cytoplasm on one side is axonic while the receiving cytoplasm on the 
other is not axonic but belongs to dendrites or cell body There is reason to think 
that the two are not the same so that a one way differential is established which 
maj'^ underly tlie polarization A perennial subject of debate is the permanence of 
these sjmaptic connections Support is given to the idea that the intimacy of the 
association may change by direct observations of movements in living nerve endings 
made by Speidel (1940-41). On the whole it is unsafe to assume that the sjmapse 
consists of a single membrane Other kinds of cells are often so closely pressed 
together that it is optically impossible to distinguish two plasma membranes yet 
two are present at least potentially 

Nerve cells are arranged in communication lines in accordance with several 
principles Each synaptic connection means delay like the individual connections 
required in long distance telephone calls In rapid long distance communication 
from spinal cord to muscles of the toe a single nerve cell is involved. Impulses 
from many sources converge and travel a final common path to the effector as 
telephone calls from many places finally come m on a single wire. Amplification is 
provided by one cell activating many The message can be suppressed by inhibition 
I'yflien one touches a hot stove the normal response is to withdraw the hand, but, 
by effort of will, this can be overruled 

Labor relations among nerve cells are quite different from those in most other 
parts of the body In the endocnnes, for example, each cell begins the manufacture 
of a product and carries it through to completion There is no construction line in 
which a series of cells serve each carrying the job a little farther. And a factor of 
safety is always pro^ ided in the form of an excess of workers among whom the work 
IS fairly e\ enly spread Consequently a sit down strike is not on the cards. It is 
interesting to figure out how widespread is this arrangement in other parts of the 
body In the nervous system a similar factor of safety exists in the presence of 
more ner\e cells of every type than is generally essential for life of the whole com- 
munity, but, if, in the lines of communication, one group ceases operations those 
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of their allotted life span, begin to show signs of senility (shnnkage, decrease in 
Nissl bodies, etc ) as indicated in figure 205 Because no new cells can take their 
place repair of injury is limited to the outgro\sdh of new processes from otherwise 
intact cells This whole problem is reviewed by Young (1942) See also Bodian 
(1943). 

The protection afforded cells differs with the part of the nervous system involved. 
For the cells of the peripheral and central nervous system it is not the same. Among 
the former, the tissue fluid environments of the nerve cells of sympathetic ganglia, 
and their liability to injury, are not very different from those of neighboring cells of 
other sorts But nerve cells m the central nervous system are well protected by 
stout bony walls, held in place by connective tissue (neuroglia), and by membranes, 
and cushioned by a special tissue fluid 

Neuroglia. — The central neivous system has a type of connective tissue all its 
own, developed from ectoderm and called neuroglia (G. neutron, neive + gha, glue) 
to indicate its binding properties In 
addition, small mesodermal elements, 
akin to the reticulo-endothelial cells, 
invade the nervous system with the 
growing blood vessels These are called 
mxcrogha Physiologists and patholo- 
gists have been slow to appreciate the 
significance and importance of neuroglia 
and microglia because most of the im- 
portant discoveries relating to them 
have been achieved by the use of new 
and refined methods of silver impreg- 
nation which can be applied and inter- 
preted only by experts Another 
detriment is the complicated nomen- 
clature Suffice it to say here that 
neuroglial cells are to be differentiated 
from nerve cells in a negative way by 
the absence in them of Nissl bodies 
and the fact that their processes are short, tapering and never myelinated The 
nuclei of the oligodendiocytes (G ohgos, little -f- detidron, tree -f kyios, cell) look- 
naked 

Membranes.— The first and outermost membrane is thick, hence the name, 
pachymeninx (G 'pachys, thick -f mcninx, membrane) It is also called the dnra 
maicr (L hard mother) and is represented in figure 206 The dura is separated from 
the underlj mg arachnoid membrane by a ^ ery narrow fluid-containing cleft encirc- 
ling the brain, the subdural space, which is a closed cavity lined by a condensation 
of mesencliyine The arachnoid membrane is also mesenchj-mal but is much thinner 
It bridges over the sulci and limits externally a series of communicating subarach- 
noid spaces containing a good deal of fluid —considerably more during life than is 
seen m a brain after removal from the skull The membrane is connected across 
the spaces witli the innermost pia mater (L tender mother) by cobweb-like strands 
so that the name, pia arachnoid (G. arachne, cobweb -f eidos, resembling), is 
descriptive 1 he delicacy of tlie pia arachnoid and pia mater evidently impressed 
the older anatomists for the two were grouped together under the heading of lepto- 



Fig. 206 — Schematic diagram of a 
coronal section of the meninges and the 
cerebral cortex, shoving the relation of an 
arachnoid villus to the dural venous sinus 
Weed, Am J Anat , courtesy of Wistar 
(Institute ) 
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meninges (G lejyios clelicite + tnentnffet, membranes) Tim pj i mtet ^ 
adherent to the surface of the bnm and esen follows the i c «els mto it (H,. 



Tjc 207 — Schcmaticdiagram of Icptometnogc^and nonous tissue homns' t!ie rtUlh’U 
of the subarachnoid space pern a cular channels nnil ner\e colls (^\ec^l \in J Asst, 
courtesj of A\ istar Institute ) 


Cerebrospinal Fluid ~The cerebrospinal fluid incIiiiUs not onl\ tin {Imd inttr 
subdural and subarachnoid <spiccs but also that within tlio \entnclc3 and in df 
central canal of the spin d cord The shifting of this fluid with changes m po'tutr 
respiration and so on has been inxcstigated radiological!) b\ Reitan (I'^ll) ^ 
good re\ lew of basic factors is tliat of W islocki (19'12) N orm ill\ the fluid amourti 
to about '0 to 100 cc , of a specific gn\it\ of about 1 007 and contains merjrinK 
vilts dextrose some protein and a few cells It is i inort waters fluid than 
other m the bod\ except perhaps the aqueou'! humor of the o\ e Ihc ccrchn'«?pif'jl 
fluid comes from the blood stream and returns to the blood stream I'f i’’*' 
regard the bona w alls of the br im and coni as constituting ii tloscil ca\ it\ into wlM 
nutrient arteries penetrate through xanous foramina The\ pass throu h 
membranes md spaces referred to, gixe o\xf,en and fooil to the nerae celU b"'* 
meander ns c ipdhnes through the choroid pltxuscs (G chonoidn, akin like) 
are special infoldmgs of parts of the tliin roofs of the \ cntrides In them the * 
plasma is onK separated from the xentncular fluid b\ cndothcluim a tlun filoi < 
tl^sue fluid and a single sheet of cuboiilal cpithelnl ci Ih '1 he rate of flow h doW"! 
down owing to the increase in combined cross-sectiomi area caused h' exptf^^’’ 
into a capillarx plexus The emerging blood is collected m the chonoid \eins t 
gencrallj thought tint the tnnJer of fluid into the \cntricles imoh« 
secretion b\ the epithelial cells as well ns filtration It is siid that otlirf 
the hormone or hormones of the posterior lobe of the pituitars , pass tip f ^ ^ ^ 
and enter through the floor of the tliml xcntncle Tlie fluid or fluids 1”^" 
sluggish fashion from \cntnclc to \ciitnclc h\ the connecting fonmma ' 
part max pass in the ctntral canal down the ctinl Ihe current H from t le t ^ 
t cntncles to tlic tlnnl \ cntricle and tlicnce into the fourth xentm Je ^ 
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from the fourth ventricle anteriorly, because, when the communication between the 
third and the fourth is blocked, fluid accumulates in the third and lateral ventricles 
to such a degree that internal hydrocephalus results. 

The principal escape of fluid from the ventricles into the subarachnoid space is 
through the roof of the fourth ventricle in which a median and two lateral foramina 
have been described, but it is still undecided whether actual openings exist or whether 
we have to do simply with areas of increased permeability Since, therefore, the 
roof of the fourth ventricle is active through its chorioid plexus m the production of 
ventricular fluid, and through its foramina with the removal of fluid, it is obvious 
that fluid exchange is likely to be greater here than m other segments of the system 
In its floor are situated automatic regulatory centers of the greatest importance 

The subarachnoid fluid also receives contributions from the living nerve cells 
Weed (1923a, h) has shown that each nerve cell, or neurone, is enclosed m a peri- 
neuronal space which becomes continuous with pericapillary and perivascular 
spaces, opening ultimately into the subarachnoid space as represented in figure 207 
These channels may serve, as the lymphatics in other tissues do, as a kind of over- 
flow or absorptive system for the tissue spaces They dift’er, however, from real 
lymphatics (which are absent in the byain) in a number of particulars They are 
continuous in the brain substance with the tissue spaces, whereas lymphatics 
begin blindly, their contents being separated fiom those of the tissue spaces by a 
delicate endothelial wall They are not lined with endothelium anywhere in their 
course At the beginning they are simply clefts, but gradually are limited internally 
(around the vessel) by a thin investment of arachnoid mesothelium and externally 
(next the nenmus tissue) by a similar layer acquired by the vessel in the course of 
development when it grew into the brain carrying the pia mater with it. There are 
no valves and the fluid, slowly making its way into the subarachnoid space b5'’ 
innumerable passages of this sort, is ordinarily free fiom cells In certain path- 
ological conditions these perivascular spaces may become loaded ivith Ij’^mphocytes 
which have wormed their way through the walls of the vessels and with actii'ated 
microgliocytes The proportion of subarachnoid fluid arising in this way to that 
coming from the ventricles is not known, neither is its composition 

Evacuation from the subarachnoid space is now fanly well understood. There 
IS some diffusion across the arachnoid membrane into the subdural space but 
particulate matter is held back The principal avenue of escape is through the 
arachnoid ^ illi into the venous sinuses. A villus is represented in figure 207. It 
projects into the sinus as an intestinal villus projects into the lumen of the gut 
The sinuses are held open by their firm investment of dura and by the fact the 
bony wall of the skull is partly excavated to accommodate some of them. The 
penetrating end of each villus is made up internally of arachnoid mesothelial cells 
and externally of an envelope of vascular endothelial cells. Most mi^estigators 
are of the opinion that the fluid passes out into the sinuses by filtration, that is 
to say, there is no evidence that any change occurs in its properties by secretion. 
The cellular barrier is not composed of epithelial cells There has been much dis- 
cussion of another means of exit along the nerve trunks which leave the brain case 
A small amount of colored material has been observed to make its way out in this 
way with the fibers of the olfactory and optic nerves and to be gathered in by the 
local lymphatics, to be eventually dumped into the venous .system. For details 
see Scholz and Ralston (1939) 
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SUMMARY 

The \ ital unit is a nen e cell m uluch imtabiht\ and conduction an* df\fi -{vi 
to m CNtnordinan depree It is long ind thin as befits a conductili tlcmint a*-) 
Its structure is highh specialized OrdinanU the impulse b rcctncd li\ 
relatueK short dendrites conducted to the cell bod\ and ducharged hi a 
long axone to the cell next in senes The cell bodv is the widest part conlaiiH li 
nucleus and is capable of regenerating new processes after injuia The'e mJ 
units are grouped into larger units or reflex arcs, w hich pi\ e perception comlurti a 
and end-effect Stimuli resulting from changes whether thei be external {'O'aaiiri 
or internal (Msceral), activate receptors whose irntabihtv is mcrei-cil forrerta-' 
kinds of stimuli and decreased for others 'Iheimpuhesgcncntedareconductolh 
sensors (afferent) cells to ner\ ous centers or adjustors where thes bndgcovfrdf 
sanapse and activate motor (efferent) cells the axonesof which pass awa\ fnrot^» 
centers to muscles or glands (effectors) It is in the centers that integration uVn 
place The motor cells can be activ ated bv impulses recc iv cd from other reerp 
so that tlieir efferent axones max constitute the final common jxith for the motr 
response in somewhat the same manner that the single axone is the final 
path into which the impulses received b> several dendrites are collecto! Tie 
motor cells can also be inhibited bj impulses travelling down from the hiai*- 
Ncurologists alone are able to find their waj in tlie bewildering mare of frntnl 
tonnections These have, however been developed m a perfecllv definite onlrr in 
the course of c\ olution under the guidance afforded the liead and the Ixxlv hi iff 
f/Mfonce rreep/oM of the eje and ear but particularlv of the no'C Thepattemif 
arrangement of cells and fiber tracts is mbcntcil and also cert im special attnhiitr* 
rrainuig leads to the formation of certain nerve cell connections and axvicutii * 
and use stabilizes them flic mechanism is constructeil for ^crviet diinng u 
entire life of the tndiv idual Some memories must be lasting if he » to profit 
experience ^^^ltn parts are destroyed thev are not rcplacetl as m other si Jtff" 
but there is a margin of safetv m the number of nerve CilU A few of thniiniavi < 
—•cspcciallv those which do not occupj the kev positions— wiUiout oppufTriT 
interfering with the function of the whole Lnergj is conscrveel wliere\crp<''| 
Some cili> like tlio'^e in the rcspiratorv center, must lalwr ns long as 
Somatic motor cells rest in sleep about one-third of the tunc though t le' 
continue to <lischargc impulses that arc less potent tlian usuil Tfie r«‘T 
dbcrimmate and inform us onlv of a limited scries of changes in our extenu 
intern il environments Otherwise the news received would lo«e i>oint ' 
volume and would monopolize our attention To tlie same enil wc arc ^ 

conscious directum of manv visceral activities which arc effected hv tieau 

nerv ous sv ^tcln w ith the cooperation of the endoermes .fmjh 

lilt central nervous sv stem like the l)one marrow winch “uppliest 
for a slow cr but none the less essential means of integration and the pitm 
regulator of the jndocnnrs is shdtcml b\ ngidwalls It b morcovrr 

in fiuul wliitli IS nl'U) made to act asKmpb for there arc no triie hmp j 

\ cntricul ir fluid is formexl bv filtration and secretion of the chonoi* p ^ ^ 
enters the «ul>anc!inoid «ipice mainU bv passing through the roei •' jtrz 
ventricle riicre is m addition a slow seepage from the^ti uc f 

the jknva cular channels into the subarachnoid space t^nne su •a ‘ 
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may diffuse into the subdural space, which is itself a closed body cavity, though 
its width IS very slight, and a little may leave via nerve bundles, especially the 
olfactory and optic, but the most effective avenue of discharge is by filtration 
through the arachnoid villi into the venous sinuses The spaces traversed are of 
three kinds (1) Derivatives of the original lumen of the neural tube (ventricles, 
interventricular foramina and central canal) lined with epitliehum, called ependjona, 
which IS not phagocytic but may be locally secretory (chorioid plexuses) (2) The 
penneuronal and other tissue spaces, which have no limiting membranes and the 
fluid of which IS evidently in most intimate contact with nerve cells and fibers and 
almost stagnant (3) The larger perivascular spaces, and the subarachnoid space, 
which are lined with mesenchyme, the cells of which are highly phagocytic given 
the appropriate stimuli 
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The c\e and the eir ^\erc c\ohed to Hne our remote ancestors T\ho vr- 
inhabit-ints of the «=ca To(h\ we look through tiun films of '«ilt w mr and hr 
nnd equilibrate b\ \ irtue of tlic presence of little m is^es of salt water ileiph pbmJ 
in our temporal bones Rather than to chbontc new mcchaniMusNatiirectmti '•« 
to suppK these fluids so that the old mechanisms c'ln remain in ‘^laici wuh b-* 
'light modification— a good example both of conseiaati m and of the unfulne^^c' 
water 



oflK'toIogj \\ B Saiimlcp* Companj ) 

Eye — TIk t \ e is con'tructed like n enmeni for there i-^ pres-nt an iri< 
a lens and a photosensitni. surface the rctini Hut it mmt n'Ctnc ‘ ‘ ,j 
thniugh w ittr md rnust 'tiwc thcindi\idual longer tlnn imj cninen i rn 
(1‘V12) jHimts nut that the luirmal lift span of the e>i as a ® 

excceils that of the bo<l\ as a wliole Onls 2 “i percent of pir'ons o\<f ei 
\ cars of age are blind lie i ilculatrs that if we he ed long enough t 'C 
'urMsors with SL'ion would not I)C mlucttl to zero at an age yiunger 
huadnal and twents or one hundred and thirts scan Certainh ® ♦ 

exluliits more inttre^tnig structural fntiim Consider therein on cf rt> 

inwanl (Pig 2()S) 

(1/)) 
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The hchr\ mil fluid that bithtis the outer ‘uirf jee of the -joruev aud 
ind lubricates the inner s\irfices of Uie c\ehds is of t)iiu uittr% cotuLvUao. Is 
composition is probibli not so simple is is u iiilh thoitcht SKhimi diloniifs 
present m considenble amounts, but, since there is much c\ ipontioii iH m** 
content o! tlie fluid ns secreted is obuomh Itss \ peculiir ^tihlesuWait 
knoi\n IS li«o 2 Mne (G liins sobitjon 4* ryw<‘ lci\cn) Mhith bnnp> 
solution of some bactem his been identified It is founil il'O m rpg i\hitc mr •' 
etc 

The {achrymal gland is diMsiblcmto tiaopirts Mjpcrior j«d iiihnor lUfin 
of the same cinracter and m the recent litcnture ire callnl tlic Ilinlcmn pU-’* 
riicN are the principal source of the fluid In a * Iwbi eoiir«t this pliiul mf- 
pensed w ith in i f eis words , but the f irthcr onelooVs the more ini oh ol Iwni o d 
problem of its pbisiologicil rule In Mtimm K inti 11, (riboflnm) thficirfw 





rio 2n -Cormi of fthite male need thirli «ix join Obwric 

fluid H n X UO tGucni»> Dr T E Wen) 

\ii‘<culin/itmn of tlic toriici is comlitctl with dKippcimnci from 
vcilou mit(riil (Ucssci andWolbith 
saMOR tbit uhen tlu Mt imins ire restowl to tlicdict thei 
and the pipincnl rcippi irs Tlic wl fliiotcst enct of the jiUnd pm 
sioTwsl 1>N the c.\i.rt,tion of porphvnn (Gntflm 1912) aiitl tia ^ 

fluorescence seems to bt m some was Imhctlwith tin incnlinfe ofpncc‘‘i ‘ 
stmns of imw (^tro^R and 1 ipec 1941) Micn> wpicilh 
little like the pirotuU and like them nils "* ir*'‘ 

dominant eelU nrc of the serous t\ 7 >e with j«iin\ t' ih *** . ao.jifpi'' 
cetlents (hiR 210) but in the Hm inili inDcmi^ nenn md ' 
seemor. diu ti art nb-^nl • uncfin 

Tlie comm IS 1 strauR cur\e<liticctotti sucfomniiRm* 

anterior chamber It is divisible into the laNcrssIioun inVguTf;- 
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epithelium is really modified epidermis in which the tendency to pigmentation 
inherent in ectoderm is entirely suppressed in man, just how we do not know There 
IS slight pigmentation in certain mammals, even in one so closely related as the 
chimpanzee (Ida Mann, 1932). The time has not been accuratelj’' measured in 
man, but experimental injuries to the mammalian corneal epithelium heal in the 
remarkably short space of six hours (Arey and Covode, 1937) Beneath the epi- 
thelium is the conspicuous hyaline basement membrane of Descemet, followed by a 
thick substantia propria consisting almost wholly of collagemc fibers, fibroblasts, 
occasional nerve fibers and tissue fluid, but without blood vessels and lymphatics. 
The substantia propria is limited internally by the thin hyaline membrane of 
Bo-mnan followed by a layer of mesothelium which constitutes the internal surface 
of the cornea 

Owing to its avascularity, exposure to the air and loss of heat by evaporation of 
water, the cornea is probably geared to work at a lower temperature than any 
other tissue in the body Ida Mann (1932) cites an old report that its temperature 
IS 10° C less than the general body temperature Normallj^ the cornea is kept 
clean by the lacrjmaal fluid spread by the winking reflex Impulse to remove foreign 
bodies is given by the sensation of pam "Wlien this is lacking, after cutting the 
fifth nerve proximal to the Gasserian ganglion in operations for relief of neuralgia, 
the pain fibers no longer function so that information of injm-y is lacking and infec- 
tions are more frequent ’i^flien particles are not dislodged they may be covered 
with a smooth coating of mucus from glands of the eyelids Invasion of the blood 
stream by bacteria is difficult because of the repeated washing of the surface with 
fluid containing some lysozyme, the barrier afforded by the closely fitted together 
epithelial cells and the long distance that the organisms must travel before they can 
enter the vessels encircling the cornea while subject to attack from leucocytes 
meeting them in the tissue fluid en route 

The aqueous humor m the anterior chamber is a tissue fluid of the second order 
Interposed between it and tissue fluid of the first order is the ectodermal epithelium 
covering the ciliary process through which it diffuses as peritoneal fluid must pass 
through mesothelium The direction of slow circulation is into the posterior 
chamber, thence into the anterior chamber by passage between the ins and lens, 
and out of the anterior chamber by the canals of Schlemm into the venous blood 
stream (Fig 208). This fluid is unique among body fluids thus far investigated for 
antibodies do not freely enter it from the blood plasma (Saphir, Appel and Strauss, 
1941) It apparently does not exhibit certain species differences Thus, Greene 
(1938) was able to grow human cancers in the aqueous humor of infrahuman 
species Because of the transparency of the cornea the anterior chamber is a splen- 
did site in which to observe the behavior of tissue transplants Outstanding is the 
work of hlarkee (1940) on menstrual changes m transplanted uterine mucosa 

The lens is even more avascular than the cornea. By minimizing fluid exchange, 
this a\ascularity lends constancy to its optical properties The lens is entirely 
ectodermal. Its anterior surface is covered by a thin, highly refractile optically 
homogeneous capsule The internal substance is made up of greatly elongated 
epithelial cells, almost all of which have lost their nuclei and are styled lens fibers 
The characteristic arrangement of the lens fibers is presented by Ida hlann. Onh 
the anterior and lateral parts of the lens exhibit nucleated cells A single layer of 
cuboidal cells, just wdtliin the capsule, is easily visible This remains from the 
outer ectodermal margin of the lens vesicle It was in the inner margin that the 
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ectodermal cells elongated so greatU that thev filled up the t n of the la 
transformed into the lens fibers makmg up tlie Ikk 1\ of the adult lens. Ce-j 
reptiles in the Arizona desert instcid of Clearing sun glasses have their i-vc 
pregnated svith a elloM pigment See interesting account b\ l\allsardJudl{iiir 
of the\arietN of mtra-ocular color filters utilized b\ \ertcbmtc 3 

Lnlike a camera lens the optic lens changes its cunature m focu^ in^ 1 » 
held in place b\ a suspcnsor\ ligament the zonula ctliaris, which cttfrjb K-tirr 
it anil the firm sclera of the e\ e ball Contraction of the cihar\ nuL^lc rrlea«e^ ti. 
ten-^ion on the ligament and allows the lens to round up ami become more cunvn 
in near \ ision At the same time the sphincter muscle of the ins rontrarJs drtTr- 
ing the aperture cutting dow n the light and gi% ing better definition In di u 
\ iston the ciliar\ muscle is at rest and the lens somewhat fl ittened In ten. ion oad 
‘5U«penson ligament 

The riircoiw body lies between the lens and tlie retina In the fn«h i b 
\ clear material of a firm jcllj-hke consistenca (L rdrum glai>) Infuttdjj' 
stained preparations it looks fibrous 
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f 10 3 Ii —Diagram of in\ agination of the optic acsicft prodtfcwf 
laacrcd retina I Thickcnmg of Burfnee cclodcrm (bhek) ilctinpi (o 
«i<lc of the NCsiole that ini aginates is stippled and the direction n ^ ^ ^ v 

[{ Tlio pu^fung m i<t almot compfetc 'o that the \csicle u fAe a c?ouWe.ira r, 

inner surface directed downward Tlie lips atcli over in the direction »ho’^ 
meet ami fu c so tliat a double-walled goblet n now formed Tlic retms u thu' tm 
two laicis 

Timtr (ronTpnrfiici/ marks the pathwaj of light up to the retitw 
slrt“v-ea the following points (I) Tlic cornea and fens are the onh 
ti^'^ucs in fldult acrlcbntcs ( 2 ) All parts of aoung einbrvos arc 

except for volk wjneh is rtalh not a tissue, opacit\ hegmiwitjitne<e'rfpn 
bhxxl and the outer laierof the optic cup nnd gradually inx niles nil t 
ti sues Ic-iMng onl% the come i and lens clear 1,3) Inthce\olution o 
man\ of tfit larb fonns ore whoif> transparent c^pcculh jh'* 

0 ]ncit\ H agim progressne imlil »n humans trin«parenca « 
componintsof thee\ewbostchnt\ isabooluteU es«cntnlforvt<ioa 
another ciuitrist tlut of surface and deep oca fi hes riiough t[iP> tv.frrr * 
cIohIn rchteil m a plulogenctic wa\ manx tiavues wliicli nl/trafed 

an tmn ■parent in the fatter Attempts to explain ihn on the '* ,hr-/,tr^®' 
light low tempt mturc and great pressure in the depths tran*'**'^ 

\ era far loronentationaquantitatiacstudx oftf'cattualdeirn^ ' 

of non pigracntcil Imman tissues is desirable 
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The retina is a part of the brain that has become photosensitive In its develop- 
ment the outer surface of the optic vesicle becomes the inner surface of the retina— 
tliat to receive the light first— so that the branches of the central artery of the retina 
on the originally outer surface, and included when the two lips come together and 
fuse, are interposed betu’-een the retina and the vitreous body where they can 
readily be seen on ophthalmoscopic examination (F ig 212) . 

Since light bleaches visual purple, the image is outlined on the retina, where it 
has been photographed in the excised eyes of animals Such photographs are called 
“optograms ” Criminologists have tried to discover in this way what murdered 
persons last saw, but the results are useless because the impression soon fades. 
The image is inverted, as must obviously be the case from the course of the light 
rays The upright mental picture is developed through a readjustment in the optic 
centers in the brain 

Details as to the structure of the retina can always be found when needed in 
Polyak’s (1941) book and in Detwiler’s (1943) monograph on Vertebrate Photo- 
receptors Only a few points need be remembered until after the examination In 
ordinarily stained sections, taken at about the locality indicated by A in figure 208, 
search should be made for ten layers 

1 Pigmented Epithelium.— It will at once be noted that the external layer 
(remote from the vitreous body) consists of a single stratum of cuboidal pigmented 
cells (Fig 213) These supply a smooth surface to the chorioid and an uneven 
surface internally The pigment is of the same brown color as the melanin of the 
chorioid, but evidence is lacking that it is the same chemically It occurs in tlie 
form of discrete rod-shaped masses, distinct from the irregular globules of melanin, 
which are closely pressed together and tend to fuse An interesting feature of the 
pigment, called fuscin (L fuscus, dusky), is that it becomes heaped up in the proto- 
plasmic processes of the cells that extend internally and leaves the nucleated 
external parts of the cells free and clear In other words, it interposes itself between 
the nuclei and the rays of light in the same way that melanin behaves in the epi- 
dermis (p 372) despite the fact that it moves into a region of the cell which is 
embryologicallj' proximal, in contrast to the distal position of the epidermal melanin 
According to theory, the caps of melanin over the nuclei of the epidermal cells 
protect them by absorbing ultraviolet light, but this can hardly hold for tlie fuscin 
for It is unlikely that any ultraviolet will be able to traverse the aqueous humor, 
lens and vitreous 

2 Rods and Cones —This stratum is a kind of meeting place of the pigmented 
epithelium, derived from the thinner outer wall of the optic vesicle, and of the 
outer nuclear layer, developed with all the rest from the inner, tliicker mvaginated 
wall (Fig 212) A fringe of pigmented processes extends into it from the former, 
and rods and cones from the latter The rods and cones stain strongly with eosin 
It is usually possible to distinguish them The rods are longer and of even diam- 
eter, the cones shorter and more robust. Since both enter from the outer nuclear 
layer, the inner portion of the layer of rods and cones is more densely packed and 
is naturally more deeply stained Nuclei are absent No traces of visual purple 
can be made out in routine preparations, though this is where it occurs It is 
along the line between rods and cones and pigmented epithelium that the retina 
i-s most likely to split in pathological processes and in the making of preparations 
Vlien detachment occurs the pigmented epithelium remains fixed to the chorioid. 
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3 VmlraRf-Thisisacompicuoih tlim ^Inmhr tr i 

aculophthcband formed b\ the temmnl expansions of the nniro^Ual Itk’j! fi 
It rcalh marks the external limit of the internal wall of tht opti? \esiclp 
which the rods and cones project and mterdigitate with thepmtopli nuernyr.' 
of tlie pigmented epithelium ^ 
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1 Jr 213 —Section of rttina mido «t about tlio point markeil A in fipirr ' 
tlinprammitic repre cntUion of arrangement of ceJU (Diotoniicrojraph !>> Jar'i L 
0 ]>'arj of preparation of Ifarao Lamb ) 

•I Outer ^ iWfor 7>o^rr —Here art found tlosclv wedged togcfJirr ihen"!^ 
of rod and cone cells Onlv tr itts of the c\ tnpl isin c in he ni ule out 'H’r 
anil cone (ills iri tin i isual receptors and tin first link ui the tlnin leadinp tet 
hnni 

) Oiiltr VliTiJurm 7yiyrr —Nuclei arc again absent and ns in harr wir ' 
two the (xilorition is acidojdiilic in character All ont- can voe is a plexus 
("Kc fibers c-ontril)ii(cd bi the rod and cone tflls on the one hand nnd d'f 
of tht inner niieli'ar I nor on the other It is the locus of contact ktivmit 
first rtxTptor (ells end the second groxxtii of coneluctilc cells 

fi Inner \ticlnir 7yif/«r — Tins in common with tin outer niideir 
made up of thousands of sphcntal, decpix staining nuclei plus ra 

fillers winch require sppcnl inetheMls for resolution ifert are etlh e>f I >c 
oreler 

7 Inner Vlextfurm Uyer ~ fills like the outtr laser of the 

filirous aeidoiilnlK ekxoid ejf nuclei and the place of association of erll* 
second order with the ganglion cells of the thml order , 

8 Ganytun, (ell Uyer - Tlic cells art xtn mugh larger g^hular ^ 
with nliunehrit rstopli m in winch distinct Insopinlic \i"I 

l>cs^n Tlipir riiK In arc I irge rand contain proportiomlb less 1«^P ^wJ 

atm ‘vditarx well formed nudcolinrcoftcn xisibic Tliei are (T 

V 
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and last order encountered m the retina The large size may be related to the 
fact that the impulse received is transmitted not a few microns, but all the way 
along the optic nerve to the biain The ganglion cells are less numerous than the 
cells of the first or second order Usually they form a single layer This is always 
true near the ora serrata, but elsewhere, except in the fovea and optic disc, they 
may be packed together five or more cells deep Since, however, they are dis- 
tinctly less numerous than the cells of the first and second order, it follows that 
most of them must receive impulses from more than one source 

9 Nene Fiber Layer —It is in this layer that the axones of the ganglion cells 
stream toward the optic disc where they unite to form the afferent optic nerve. 
As one would expect, this layer increases in width as the fibers become confluent 
near the optic disc In sections taken near the ora serrata it is barely noticeable. 
Some species have a few efferent fibers which pass down from the brain along the 
optic nerve and are distributed to the retina in this layer Their function remains 
an intriguing mystery 

10 Internal Limiting Membrane —This membrane is less noticeable than the 
external one But it is formed m the same manner, by expansion of the ends of 
the radial fibers It is not unusual to find it slightly separated from the tissue 
beneath by the accumulation of a little fluid which may or may not be a post- 
mortem effect or an histological artefact 

The 'omiaJ receptors have been subjected to most detailed investigation. The 
best account is that of Arey (1932) There are many theories as to how they 
function, which aie considered in detail by the physiologists Visual purple, 
rhodopsin (G rhodom, rose + ops, eye), occurs in the external segment of the 
rods, which stretches toward the pigmented epithelium, but is absent in the cones. 
The perception of brightness is assigned to the rods and of color to the cones. 
The latter are relatively most numerous in the fovea, where visual acuity is highest 
developed, and are said to be connected with the layer of ganglion cells m a more 
direct way The common assumption that positional changes occur in tlie rods 
and cones and in the retinal pigment, fuscin, in man as well as m many lower forms 
(see Fig 214) has evoked a strong protest from Arey How the energy of light 
waves is transformed into an informative ner^mus impulse is a question that has 
led to many brilliantly conceived theories of vision Of these the photochemical 
seems to be dominant Zoth (1923) hj’pothecates a primary energy transformation 
aided by fuscm in the pigmented epithelium and a secondary transformation in 
the outer parts of the rods and cones by which these elements are stimulated and 
start the nervous impulse on its patli to the brain 

The retina has a blood supply all its own It is nourished by the central artery 
w Inch enters with the optic nerve and is drained by the central vein leaving by 
the same route The central artery of the retina is the best example of an end- 
artery Because tliere is no collateral blood supply, when it is plugged the entire 
retina must die through loss of blood Its branches spread over the retina in all 
directions Scarcely a section can be studied without revealing one of them 
Tliey are evidently interposed between the visual receptors and the source of 
liiuniination It is for this reason, when looking at the sky, with eyes adjusted 
for distant vision, we often see an irregular dark system of branching structures 
vhich disappear if ve attempt to study them more closely. Owing also to the 
superficial position of the blood vessels, the ophthalmologist is able to look directly 
into the eye and study their changes from ,iear to year. Until a method was 
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de\ doped for thee^nmuntion ofcnpilhrics m thc«;kin theneixas tlicodi locaFr 
here this could be done The point of ontnnct of optie nor\c md Wood i p 
not cohered b\ rctim so thit it constitutes the ‘ blind «^poi (Vvj 2 I 0 ' Ti 
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Fro 214 -“Rctmal elements m A dun and B hnplit light M«ion in the fu h lrm» 
neWojus A Tho pigment w ivithdrnwn towanl the chorioiil tlierch/ allowing miicsil 
utilization of dim light The \i«ual elements as<mmc eimilarlj adiantagroiu 
the rclatn el^ insensitn e cones arc cxtendetl out of Hie nay nml the functioning rwh !• 
drairn doMm near the inwge plane, c^ chonoid, p c , pigmented epithclul cclb r 7 
guanin em conem)oi<t, rw r<^m>oid enl external nuclear Lsjcr ?<4'^ BTi 
pigment moves forward towanl tho oxtemsi limiting membrane Ihcreh) miAbr l*J 
tolating the visual rods nnd cones, at the left of the figutc the mutualb adviiiUryi 
positions of the visual elements arc indicated the «en«itive rods are clonc*»t<^i anil Maw 
protcctcil and out of u c the cones ate «hortened (0 tho lev cl of the image plane, 
pc pigmented epifliclial cell e/m external limiting incmbnnc c m cone mm If." 
rod mvoid X 450 (Rcdma-n and roodifiet! from Arej ^pecisl Catalog) lulP 
Ilocber Inc ) 
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retina, in common with the brain of which it is really a part, is devoid of lymph- 
atics. Its cells do not normally multiply They are fixed postmitotics, like ner\ e 
cells, gifted with long life. 

Ear.— Structurally the ear consists of an apparatus for reception of sound waves 
(external ear), transmission (middle ear), tone analysis and equilibration (inner ear) , 
but all the actual receptors function in fluid The plan of architecture can ne\ er 
be appreciated without some knowledge of deA'elopment. A readable and concise 
account is to be found in Bremer’s Histology. 



Fig 216 —Diagram of ear 1, Auditors^ nerve, 2, internal auditory meatus, 3, utnculus; 

4, posterior semicirculai canal, 5, sacculus, 6, ductus cochlearis, 7, ductus endoljTnpliaticus . 

5, saccus endoljTnphaticus, .9, vestibule, 10, wall of osseous lab 3 uinth, 11, terapoial bone, 
12, vestibular fenestra (with stapes apphed), 13, cochleai fenestra, H, auricula, 15, 16, 
external auditor}^ meatus, 17, tjunpanum, 18, malleus, 19, incus, 20, stapes, 21, 22, middle 
ear, 23, Eustachian tube, 24 , cartilage (Starling, after Schafer, J and A Churchill Com- 
pany, Ltd ) 

One important event is the coming together of the first branchial cleft, forming 
the external ear, and of the first pharyngeal pouch, gn ing rise to the cavity of the 
middle ear and of the Eustachian tube connecting it with the phar\ nx The line of 
contact IS the tympanum, or drum membrane (Fig 216, 17). The surface of the 
external ear is epidermis of ectodermal origin, while that of the middle ear is mucous 
membrane of endodermal derivation There is always a danger of forcing infective 
material up into the middle ear when pressure m the pharynx is raised by blowing 
the nose When a perforation exists in the tj-mpanum smoke can obviously be 
exhaled through the ear if the Eustachian tube is open 

The mastoid antrum opens into the middle ear posteriorly and is connected 

with man\ irregular mastoid air cells These structures are not cells in the histo- 
it) 



2G0 


IRISCIPM SE\SE OJtGW^ 


lomcal *:eii''C lujt spaces produced in the temporal bone h\ the pnw of » ^ 
mitizition Tlicir (le\clopnient nnd imnqement are do'cnbctl b^ 5ij)i:h (I'tT 
and 'McUzcr (1034) \\ ith the slou rcsiiption of bone in the ma^tonl prwr-s »' r 
birth mcscnchmc enters from the mastoid antrum followcil b\ cjuihclK^t 1 
the 'spaces exca\ated are acntilated Some bon} partitions per^ut «wi that shr 



Flo 217 —The membranous Iab>Tintli Enlargw! (Grsj «Anatonn ) 

piieumatizatinn the inner part of tbe mastoid process is like a l>tm> cpitlitM" 
iinetl sponpe ^mith states that the reason ailn cxcaantion n not aimplite 
m the sinootl died maxtilara sinus is the relative ab'senee of Iwne mirm* w 
the latter The opithehuin la of the middle oar tape but flatter and more firrl' 
bound to tbe periosteum The moebal Imnv "all is much thmwT than tbf htenl 



OIK and tli( venout dr-nnaRt is mto the httnil simis and duni inn* 

slvull c iMt\ Tin diHRir fn»rn iiifeitums »s well knoon I’n>tt-rtion 

till h U'tadinii t nix's tniddli cifH mastoid and air ttlli b' the m ^ » 

Ilf tin I- II t irinan tiilxN the elcansinR and prt)ti*etne‘err)iisn^ndni»etin^^^^ ^ 

and the actum of tin ulu in sHccpinR down towaril the phinnt a' 
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the nasal passages For the anatomy of the tubes see Wolff (19346), and physiology 
of middle ear see Lierle and Potter (1941) 

Another event is the invagination of surface ectoderm owing to some organizing 
stimulus from the hind brain and head mesoderm (Needham, 1942). ^^Tien this is 
pinched off it constitutes the otic vesicle In a truly remarkable fashion the vesicle 
grows inward and becomes transformed into the membranous labyrinth (Fig 217) 
In so doing it extends rather flat projections into 3 planes of space, the adjacent 
walls fuse in their middle portions and become absorbed so that the rims of the 
piojections remain as the superior, posterior and lateral semicircular canals based 
on a portion of the body of the vesicle, termed the utriculus The remainder is 
moulded until finally the utriculus is only connected by a narrow tube with another 
expanded portion, the sacculus From this tube, the ductus endolymphaticus 
(Fig 216, 7)— a vestige of the original stalk connecting the otic vesicle with the 
surface— reaches through the temporal bone and ends in the dura in the blind 
saccus endolymphaticus Because the saccus is in the dura and not beneath it, as 
insisted long ago by Retzius and proved by Wolff (1934a), it is seldom seen from 
the surface and never after the dura is stripped from the bone A small canal, the 
ductus reuniens, joins the sacculus to the coiled ductus cochlearis The mem- 
branous labjTinth contains endolymph and its epithelial wall, of ectodermal origin, 
IS supported by connective tissue 

The word “endolymph” is unfortunate The fluid in question is not internal 
lymph It IS a tissue fluid of the second order comparable with the aqueous humor 
of the eye, for interposed between it and the blood stream is not only vascular 
endothelium but also a layer of epithelium Guild (1927) has investigated the 
circulation of endolymph by introducing a solution of potassium ferroc 3 ’’anide and 
iron ammonium citrate into the cochlear duct of living guinea-pigs, killing them at 
intervals up to forty-four hours and fixing the excised tissue in an acid mixture 
which precipitates Prussian blue at the place where the solution has moved to 
Since the Prussian blue accumulated in the endolymphatic duct, he concluded that 
this was the principal site of overflow of fluid In support of this contention he 
cited the accumulation of desquamated cells m the duct, presumably washed thither 
by the current and left behind when the fluid passed out AWiere the fluid goes to 
IS another question It may get into the blood stream or cerebrospinal fluid. 

The third event, occurring more or less synchronously, is the orderly accumula- 
tion of fluid (perilymph) in the embryonic connective tissue about the developing 
membranous labyrinth By contrast this is tissue fluid of the first order since it is 
not walled m by epithelium In this perilympathic space the membranous laby- 
rinth is adherent to the surrounding periosteum or is anchored to it by connective 
tissue strands Since the first layers of bone are especially hard (Fig 216, 10) the 
entire mass can be separated fiom the surrounding temporal bone and is designated 
the osseous labyrinth (Fig 218) Within this fiim casing are then two fluids, 
peril\mph and endolymph, the relations of which are the keys to the mechanism’ 
Three features are to be noted 

(1) The ossicles in the middle ear conduct vibrations of the tympanum to the 
\ estibuiai fenestra m the wall of the osseous labyrintli where they impinge upon the 
pcrIl.^ mph first in the vestibule and thence throughout its extent, the stapes acting 
as a kind of plunger 

(2) The Mbrations in the periKinph nnesting. or close to, the portions of tlie 
membranous labyrinth concerned with equilibration have no stimulating influence 
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PRl\CIPAL SISSE ORGiSS 


On receptors, of the ^ oatibuhr ision of the awtKtic ncr\ o lotnlh iftaf 
can equilibnte 

0) The cocIiUi la hoac\er constructed in sndi n na\ that the 
rochlciria of the membranous hbvnnth is sandnichwl between the 
penl\mph nscending from the a istibule in the ^cala i estibuh nmf tbl deyr- ' 
m Uiescah tvmpani (1 ipa 21D,21G IS) Tlic latter enda bhndh npamntUrt^ 
bnne of the fenestra cocfileje, but the old mcw that this la a nrcrvein 
absorbing mccliamsm b\ w Inch the mcmhninc buijres out into the tni(ld}i. car ii‘ft 
pressure is exerted on the pcrd>mpb in the inner has not Ixan siiUtariuv’ 
llughson and Crow c (1931) ha\ e found that fixation of the memlinne of thefere.'a 
cochlea? h\ cement does not inhibit sound transmission, inileetl, presMirc 
on tbc membrane from the miildle ear impro\ wl auditors ncmt% Thc\ look irp.^ 
this fenestn as a kind of safet\-\ il\ c dampemnjj the pressure and preientncoir- 
stimulation Perhaps it ma> also ha\c a directional function T!ie soiui' 


Canal f Sentn /ronJra««»/ ffa g- Cd Sfrmfrattt/ i/mif* a 
ilaWcMg tf > but Rnt ft I it 1 ex Rnintr tiritrt* 



phemp of this membrane between tbc penbmph nt the end of the «w i 
and the middle ear mstcid of saj, Iretncen the penis mph of thesot* 
middle car near tbc stapes ma> sersobs itschsticqiiahts to al>^rb pressure ^ 
tn conduct tlicsc svases tJiroupb tbc scalac and thus in some w«' *'■> , 

them on tbc rcetptors of tbe cochlear diswon of the acoustic m nc m ' 
eoeblctiris 

The receptors for Iwtli dis isions ore hair cells flic v ir on ^ ^ 

m b dumps— m 3 enstee withm slipht dilations or ampiiib 
iirenhr canals jom tbe utnculus and in 2 maciilic (I «pots) «jt ii» 
an<l Mccuhis rc^poctuclN flic pattern is uniform ^nil f 

extend into material of ptlatinous ennswtenej ctAcnnp neli ^ 

contait with crvstnK of calcium carlmnatc cnmcsh«i m * 

o\ er eac b macula It is tboupbt th it when tbc liead nio\ cs t 'c ilf 

htile lx hind In inertia and that shfdit traction on the maiena m 
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hair cells stimulates them. The influence of the columns of fluid in the semiciTCul.y 
canals on the cristm is not difficult to understand but ho'vr the maculse function is 
obscure (Tait. 1932). The mechanism, in its essential features, rras adopted by 
Xature in the very remote past. ^Tien iron filings are substituted for otoliths in 
the craj-fish the orientation of the animal can be controlled by a magnet. To^better 
understand equilibration has now become a war problem CNIcXally and Stuart. 
1942). 

The cochlear receptors are much more complicated. The hair cells e.xtend in 
bands through the length of the ductus cochlearis and rest on a specially constructed 
fibrous basilar membrane (Fig 220). They are in touch with, or close to, a well 
placed tectorial membrane which, like the basilar membrane, decreases progressively 
in size as the end of the ductus is approached. Space does not permit a discussion 
of theories of audition: but something \-ibrates, probably in a different way at 
different levels in the cochlea, and this, picked up by the hair cells, is interpreted 
in the brain as sound. 



It is clear that special fluids are developed for the sake of hearing and equilibrat- 
ing as well as for seeing -\geing of both is considered by Guild (1942). There is 
first a decrease in perception of high pitched sounds In England the onset of old 
age was graphically described as the inability to hear bats squeak. Guild states 
that the absence of reports on failure of the vestibular apparatus may only mean 
that the methods of testing are too crude to reveal small differences. Perhaps this 
ancient apparatus has a long life span like the eye. Useful reviews of current 
literature on the anatomx and physiologv of the ear are published regularly in the 
.\rch Otolarxngol. (See Richardson and Holmes, 1942 ) 

StJMlVIARY 

The eye and ejir are described as distance receptors because they inform the 
hcniy of environmental changes Tiliieh may originate far away, but ffiey are also 
contact receptors for the energy of light and of sound must be brought into contact 
w ith living celh before it can be perceived. But equilibration bv the vestibular 
division of the auditory- nerve is on a different basis. The inforaation given is 
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proprtoccpti\e, rcbting like tint furnkhetl li\ the muscit spimlle' U»Uiejxvnt 
of the boiK in spice All three hirk Inck to the time when our ano^Urs 
nquatic To this dai we 'ee, heir iml eqmhhritc throuch ptr>i tent Ival tJ 
specialized water% cmironments student can he exiiectwl (o leas rencuh 
the ten h>er> of the retina but he wdl recall certain Mmi!inucibcu-watl-«f\» 
and n photopriphic cameri— the ms diaphragm, condensing Icni and pliMo^rr pt 
film or h\er behmd~aUo the utilization of transpirent aad a\ I'Kruhr mtfn.K 
The car is constructed on a different plm Sound wa\cs are plhcrcj inh iS 
external car Thc^c are transmitted b> the os>sicIes thrtnigh an air fillo! 
(middle ear) borroweti from the first pharsaigeal pouch, and mipincc ipm tV 
fluid o! the inner ear, iibrations of which m some was stmmhtc theoxli'?' 
dn ision of the eighth neia e Equihbrition is aUo ser\ ed In stmuil itwa ot tenin a' 
of the \ estihular di\ laion of the same ner\ e, likew ise m a fluid cti\ iromuenl fc’V'! 
deepK in the hard petrous portion of the teinponl bone hut m a plul^jcrtt 
sense part of the original outside w iten surroundings rrotcction n( the ‘urlaa 
of the e\ e is afforded b\ the thin iqueous secretion of the lachrMual gl unh and 1 
the action of the eschda like window wipers on an automohiic desipnol to I” i 
awai diiat and dirt but to Iea\e behind a thin and even film of iv iter 
ear is protected against invasion bj pathogenic microoreatusms hv the daua* d 
the Fustachnn tube, except during swallowing, and b\ a clearance mectiannacf 
secretions and ciha comparable to that in the re^pintorv tnrt Kcphccmrrt d 
the sensorv cells of the c\ e and cat is conspicuous b> its ah'Ctia Noninfh drv 
arc ne\ er seen m mitosis But the surface epithelntctl cells of the cimira «hic!J 
tht optic lens and of the middle car art replaced when worn out and d<s\uan«’«i 
b\ multiplication of existing ctlU, while a few of the un^pccniizcd cclh liftiRft J 
membranous labvrmth arc also cast into the endolvniph and tlicir phcelvbit' 
otiicrs as m epitfieh v tiiroughout the bod> 
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COXNECTn'E SYSTEM 

The blood integrates by the transport of material and the nervous system by 
the sending of messages, it is natural to think of the connective system as inte- 
grating by the binding of the tissues and organs into a unit. This degree of mechan- 
ical association of parts varies from that of the loose connective tissue beneath 
the skin and between and ndthin the organs, the cushioning effect of fatty tissue, 
the elasticity conferred on blood vessels by elastic fibers, the yielding support of 
cartilages to the rigid framework of bone, and the firm, durable connections of 
tendons and ligaments Loose connective tissue integrates in anotlier manner 
by affording easily followed pathways through which the nerves, blood vessels and 
lymphatics gam access to the organs Integration by connection is only part of 
the story The system provides also for separation Ball and socket joints, like 
that of the shoulder, afford examples of both connection and separation. The 
bones are connected by a capsule, but the moving surfaces are separated by a thin 
fluid lubricant and coated with special friction-reducing tissue. YTiere viscera 
have to move against viscera each is limited by an investment of slippery mesothe- 
lium and between the two more lubricant is interposed (c/. the peritoneal and 
pericardial fluids). In other places separation is provided by connective tissue 
derivatives where movement is not involved, as by the firm dura mater and the 
delicate pia arachnoid Organs throughout the body are supplied with capsules 
which separate the cells within them from the rest This separation and segregation 
of activities is essential. If the spleen, suprarenal and kidney' were all merged 
together they could not function. The cells in each, shielded by connective tissue, 
have developed certain capabilities and the kind of local environment required for 
the performance of special duties Even in the cell itself it is the separation and 
localization of reactions which makes life possible The separation of nuclear from 
cytoplasmic material by the development of a nuclear membrane is fundamental. 
Within both nucleus and cj-toplasm there is likewise marked localization on the 
surface of things visible and invisible In other words, separation of the body into 
special compartments by connective tissue partitions, and of the cell into distinct 
areas by other membranes, and by the presence of substances so different physically 
that the\- develop interfaces, is every bit as necessary for vital activities as the 
spatial organization of a manufacturing plant If the barriers were broken down 
and everything mixed together in the body, the cell, or the factory, nothing useful 
could be done 

Mesenchyme. —All connective tissues, as well as blood, lymph, R. E cells 
and some smooth muscle, are derived from mesenchyme (G. mesos. middle -j- 
enchiimn, infusion), which is a kind of thin infusion or mixture of cells originating 
from the middle germ la\cr The cells are irregular bodies which may possess 
cjuite long processes The older anatomists were convinced that these w’ere united 
b\ ruimcrous anastomoses to form a true s\ ncytium (G si/n. with -f ki/tos, a hollow, 
a cell), but this is probabh not the case (Lewis, 1922 ). Mesenchymal cells are 

(2G5) 
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Upicall\ <5apcndctlinarrhtucl\ hnre^olumpnfii , n i 

oompict nn^e, I.ke cp.thclnl ccih ^UI. tissue flld tl fi fill' ''' ' ' 

the lie, elopins orpnns of the embno in the snmehsht^ tint W ^ 

IS utilized as the chief pieking iiiaterial in the adult s 



c 

fjo _.l — ttirough ?lightl> rdematou* aubcutanpou.* Iwjsp irTt^Urly»n r 
^ Collagpnic liben // pIasIic m^n Uuf 
li rol Ia.«t Jiff amplxMil wandering celt* tre m Uiroc> te for rue cximpan'f'f * 
f>pmalox>Im Plain X DoO (Maaimow Bloom Textbook of Ili-tolojOr U H 

( ompanj ) 

Loose Cormectire Tissue —flin h a dirwl djiTircntiition from nH-rf'f’*' 
niHl one of ilu ino t iniiHirtnnt constituenti of tit l)o<!> It i-* »!■« 
l«t-iuv It pn-v nts m in\ little un-i^ (aret-Ia I <!im <.f arm) in »In' fi «« ^ 

I onfinanK s<tf, To‘^^lM'lII Ikn«!e% ( 1931 ) Mong^ cntlit for flrulh 

iritmg after ^^‘^rs of rontro\fr«\ that the ti'<ur fliiiH m tf’** ' * 

tdxr^nn imlieihJeil u not alwa\ssmiph a tiun waters fluKlhut a trutrrjl ‘ 
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can be rendered microscopically visible. In young, undifferentiated connective 
tissue this material is continuous, of viscid consistency (preventing the free move- 
ment of fine particles) and mucoid in nature It stains metachromaticalh . In 
adult subcutaneous tissue, on the other hand, it is less abundant being concentrated 
about the fibers so that relatively large tissue spaces are free from it and contain 
only fluid which is not jelly-like This intercellular ground substance undergoes 
definite changes in normal differentiation, rhj*thmic phenomena in the uterine 
mucosa, fibrosis and other alterations 

In spreads of subcutaneous tissue mounted in salt solution the tissue fluid is 
naturally invisible, but the following structural components are recognizable. 



Fig 222 — Collagemc fibrils from fresh tendon of rat’s tail teased in water "^’lewed 
with electronmicroscope X 20,400 (Schmitt, ef al , courtes%- of J. Cell and Comp 
Physiol ) 

Collagemc fibers are conspicuous objects of low-refractive index which show a 
longitudinal striation ouing to the fact that they are made up of many small fibrils 
plastered together. The designation “collagemc" is appropriate because on boUing 
they yield collagen which, in the hydrated condition, is a gelatin. The collagenic 
fibers arc b\ far the thickest ones in the spreads and pursue a kind of wavy course. 
Mlien a dilute acid is added they swell, but not evenly throughout their length In 
M)me places they are very characteristically constricted for some still obscure 
rea*'on Seen in ordinary H and k< preparations collagenic fibers frequentlv stain 
more inten'-cl\ than the smooth mu.scle as is illustrated in figure 40. 

It may be desirable to reduce the length of this book but not at the avpense of 
collagenic fibers Without tliem the body would quickly fall apart IMuch depends 
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on their munten ince m pood condition nid their prompt 4lc\ ilopmrnt in «o- 
healing «o that the\ are now tieinniiing to recti\( the cW attention tKit 
deseiwe Healing of tendons composed chielli of the^e fillers isapro!.h>mr<f|rT» 
interest (Masson and -Mien 1941) 

Tlie electron microscope does more than ‘make chromn omes look Rt vis 
sages, ’ It shows the quite unsuspected fact that collagcnic film! that mahcLpti* 
fibers are cross striated (Fig 222) as refmrtetl 1)\ Scott and \n<!ersoii W 
Schmitt Hall and lakus (1&42) The latter find this banding to lie preNfrtr 
all the collagenic fibrils examinetl tint is from 4 species of mammals (incb*'^ 
man) 1 amphibian anti 1 molluNk s© that it is a fundamental stnictiinl 
Thc\ also call attention to the great extensibihta of individual fihnls and • 
that the non-cxtcnsibilita of fibers depends on latenl himiing of the cotep y* 
fibrils Itishkeh that this kind of studv nt\er\ high magnification can lie Inlpl 
with 2 -ra\ anahses of collagen with the result that Imtli the cluractir ant! 
grouping of the molecules w ill become cicir 

Collagenic fibers are susceptible to experimt ntalh unpo'‘Ctl tlniiges in hvda 
ion concentration and to increase in temper itun Diumbirgir and liKns.'ora « 
(1942) ha\ e disco' cred that the grip of collagenic fibers of the dtntiis on the mr 
King epidermis can be loosened bx a swing of reiction to eitlicr theacidopaIU!*f 
side as well as b' mere ise of temper iturc to 50“ C for t"o minutes Thecljir" 
from gel to sol stfltc is re' ersible for after the influence is remov (i! the rpidi rr i 
becomes again bound to the dermis There is ns j ct no re i«on to think thit 
fibers are mflucnced bv the less marked changes m pll nnd tempt rature to 

the' ore subjectc<l i« nro Rut since collagenic fibers ser'c m so man' tlif’Vfr'J 
en'ironments suigl' in loose connectnc tissue m bands in tin nd'crititn nflN I 
'csseU (p 59) as reinforcing stniidsin the ground substance of Imnenndm fu*' 
m tendons to mention oiil\ three it would seem iinlikeK that chemical «um'i •< 
mgs and plnsical strain would act equal!' m all cases H' implo'ing 
useful transparent chambers in rabbits cow, so often rcftrml to Steams ( * 
has workttl out the rate of formation of fibers anti deraoiistntcxl that prr^iwxt 
fibroblasts is cssmtial i 

Baitscll has in several contnbutions (sec Haitsell and Masuii 1 11) rfr" 
expenments whicli indicate that the collagenic fibrils are a trail fiinnatmn pn* 
of hbnn and that tliev develop cxtracellularlv in the tissue fluid v 

advance is that of ^^oIbach (lOlM who nvailetl himself of an olinnation "i 
he made w ith Hon t (\\ olbacli and Howe 1920) that tJie tl'lX) ilmii «»f mtinri 


LeerNO roR tic 223 ^ 

tio 223 -FiRures «!iowing the controlled fonnation of rclla^n and 

clots of pnnea flips rendered scorlMtic bj deprivation of vatamm C/ an a 
the deposition of intercellular aubstanees owing to UicfctslmKofo^Reji 
were fixed in Zenker a fluid and colored with Mallorj a connective ti jiie » ' 

G and S which were trcaleil bj Foota modification of the Ihciv ^ \r- 

method liefore utaining All X 1009 except figure 5 X -130 s '!' 5 c’littvr^ 
dtjwiled alxmt an ixolatwi cell Hecoveo penwl ao'ent) .F t r“* 

advanced fibnn ^trsn^ls in red (f Une argjTophile fihrds fgtren l> r J P ^ 
phile fihriU no foncer notieeahle A fater afage Kepair riiftef) -#'* > . k* ^ * 

fd riU in endochondral bine formation 0 f ndoeleal a'lrface of t* ’ . li*t« la f 
Note fibroMvsts and fibroglia fihnU (in red) iO ''imilar celb fl nt rfT ) 
hour rccoxery penod (Wolbach couftesx of American Journal of * 
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iintiniJa nnnot tike place in nmmiU <lepri\c<l of \itunm t to tkf 
il> nlutc scorbutu aUhmiffhproWtntuertpinlueproct esaaacm^^ U 7 ■! 
formation begins ho'\c\cr twenty *four Lours after tbt feethnp of oran i T'r 
ConseciucntU he uas able expcnmentalK to control, time nh<i nrafetU th I 
tfiattookphccmtlicrepiiro/Woodcfotsingumaipif^ Tk/ibrnMasi^fi-, i 
into tlie substance of tlie clot CoUigcn staining blut h\ the nu tlioj he fu xj 
fin>t api>eir«l is i difTuse deposit about tlicm ■nliiji lie mUrpreted a siMi. 

{1 ig 221 If) Ihi seeondstigewisthediffertntminnofdtlKati /ihnJ-.BMlj-ith' 

eolhgen (lip 223 5) •nhiOi began to c’diibit an afTinitv forsibir in «>iJw »i 
to become a;^\'ropliihc (Fig 323 &)aaing,hc thinks in thur 
Tilt e fibnls ucre di'iposed about tlie cell boehes as centers But «i tvllclu tcM f 
fibnla coursed irrcgulir}\ between the cells nnd it was jinpos'.iWc to atwnr t 
group of fihnU with a definite tell More mature eoDagm lo'! 
pmpcrtt (Fif, 223 7) He obscnetl Uie same scqianct m t)Ien^unlptlll^pfb t 
formation follow mg tlieomngtjuicc trcKflicfit (I ig 223, S) T?»e endostea/ (u ^ 
''Urfice of 1 guinea pig s nb m complete scorbutus is illiistratnl m fijurv '21 
( tlU null tingindiable from libroblasts” showing linns fibnvj^lul fil<•^p r. 
tntc into the boji\ ‘?ubstanct ami in rccovtra become ostcoblisl* Itnlhk 
laimbMom were tint (1) In repair ba rcorganixation collagen m not ihn'oHn*’ 
hbnn or other pn-fornied siibstanec^ (2) Collagen and ntmdum an* thrsi r 
mitcrul in different pliMiial states (3) Collagen h <stcretc«l In tin fil'p-IiJ 
and Its distribution » determined b\ tlic shape of tlic all ami pi iliin if tb 
fil>n>nli 1 ) fibrils 

lo ixphm cNacth wliat tlie rc<l «t«ned fibroglia fibnb an in (untra t ti»'^ 
light Iduf tYilligtnic ones, is difficult Afallori who mtwlwctd thi Irnaw'd 
till iipuiion til It fibroblasts gne rise to t«o kinds of fibrils fibn»gha fil rib »!■' 
art ril ited to tliein in the same wax tliat neuroglia filmls are lo niimfl'-i '•'j 
aiul itiii ig< me fibrils wluth arc c'ctncelluhr and dispo«td Wtw mi tlnia bo 
uig to I'tiificid tlic gin fibrils art prohabU within tiie pr(»«"'''cs of the a 
(ficiirogJn cell ) jiist as \\<tUncU slions fibfogln »i the fihwhh'ii* B it ty 
lY lUKonMiKing of tilt existence of anj fibrils m still h\irg fibrel fw' 
nnnottl from the bodv or in fibroblasts in tissue cultures ’MalJiif' stnusl r- 
fibrogln fibril are best studieilmaetivclv growingcoiiiiecthi. fi iiia< /('m 

in tiu ■‘tniim «»f c irtii oimta inchrwiic salpingitis and otlursitintH'ns 

cdli tiicx stnictiiris toJoml 'O amdh in l\(j}bich3 fi^nn's lav a 
b 4 !•, of s(,inc ort in tin liv ing cell or ctll mtmbnnc in Miimwbat ^ 

that niv<ifilirilv and nturufibnls ime in tin cvtopla^m In k»n 221 > ^ 

Ik luituctl that the fibnigha fibnls often Imnt Oie evtoph m and sr i 

puuoii in tin <iH processes which are imirt subjott to strain vh'' , 

diffcrintutKiji and to s}if»rftij»jg witli Bit contraition dm to fiaifp'H 
th< cxuhut ihfitrtntes howtstr ont must bt 'tn^'Cil that wi , 

phi inl rMuditions it-^fKiriMble for fibro^ha fibnl dci a* 
m iTUidiimn like tho t mtntione<I b\ Alnllon ami If^s sn in otlwr'^'^ 
souutiino tluv appear and <oinctimcs thej do not whcrvss a ter * < / 
te<luui-al mttfuxK tlic mvofihriKawI ncumfibrihalwavs np{>car . 

In tht livo <if nts k)ttr\ ami Hi tings (1012) ol>-irvfvl »» “ ' ^ 
imm'i fnnn *> 7 gm oid} igcii per Kg at tlurtv dai s to H 2 at < ‘ 

whuh gives point to tlu currtnt nlt-t of fibrosi with age but tin m . */* 

iniv lx. nht?\i (n »i ulwilute) occistonwf pirth hv dttrea't mm 
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components. That there is some alteration m quality with advancing age is clear 
from the report bv Evans et al (1943) that the retraction, or shrinkage, of excised 
dermis is less in old than m young people. How long collagenic fibers retain the 
physical properties on which their usefulness depends is a mystery ^ There are no 
data on the rate of turn over of collagen But Pullinger and Pirie (1942) have 
discovered that implantation of collagen results in chronic inflammation and suggest 
that the break down of collagen may bring about the chronic inflammatory lesions 
so frequently encountered in elderly persons They refer to Bergmann’s earlier 
observation that, in intro, digestion of collagenic fibers occurs only at the cut ends. 
Perhaps the breaking of fibers by trauma facilitates removal 


Edge of primary nndule 



Fig 224 —Mesenteric Ijmiph node from an e.xecuted man Bielschowsky stain. X 500 
(jMa\imoi\ -Bloom, Textbook of Histology, W B Saunders Company) 

Elastic fibers are entirely different They are much less numerous and appear 
as delicate, homogeneous threads of high refractive index which branch repeatedly, 
forming a network In other localities, where many of them are closely applied 
together, as in elastic membranes, the vocal cords and ligamenta flava, it can be 
seen that they are of a pale yellow color Consequently they are sometimes referred 
to as yellow fibers, and the collagenic fibers, which have no color, as tchiie fibers 
Cheraicailj and phxsically these fibers are very different from collagenic ones 
No particular vitamin appears to be required for their development. But there is a 
similar hiatus in our knowledge concerning them, particularly in respect to turn 
oi er of material, the possibility of inheritance of good and defective material and 
the influence of local conditions on ageing 

licUeitlar fibers are less readily seen in fresh unstained tissues As the name 
suggests, thei are not long filaments but form a reticulum which is close-meshed. 
Subcutaneou'' tissue is not a good place to find them. They occur most abundanth' 
in epithelial organs where the\ supplx a xielding support for the ceils They are 
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niso an important component of h mpli glands, and Wood fomnnp orpaw \ r'-v 
the other elements are rcmo\ed lij tn-ptic digestion it » diffiailt to dutr-- i 
them Thta ma\ be repealed wi permanent preparations W silver itpptv'sn.Mn^ 
The relation of ret/enhr hhers to tlie other t«o his been much ilimiW S 

PnopERTiEs OP Fibers 


1 Colkr^iie | 

1 rrfiflit** 

1 

Terminology ( CoIIagcnic because they I 
1 yacld collagen on boiling I 
1 Termed Nrhite owing | 
to lack of color 1 

1 

Ehtstio beeau«e made! Pelicuiar tew ■* <£► 
up of elastic colloid elas r posed in tiar oKitHi 
fin Termed yellow 1 (L. nlutlim t I ik 
omagtotheicdtsljaecne. net) sigyropMc <r 
color 1 mg to alTjaty f r «l‘ff 

Occurrence Didest distributed, eon | 
centrated in tendons j 

1 

[Blood Vessels and disten ! Framework of Irorl 
able viscera v ocal cords; | glamls, hone marros »s- 
j bgaoienta flava etc i doennra and ci*'ff r» 

1 { Uebal organ* 

Morphology Broad sometimes vnity 
made up of many fibnb! 
bound together by co-| 
meat substsflco and hot i 
iltng membrane Do not] 
bmncli 1 

iFSne thin threads not fib-zNctworks ilinwr I'u 

I nllar branch and anas ’ eolUgrnie 

! toraose freely | 

! ! 


Do’Seo 1 nefractnc ladex, lotr lodetitigh elastic 
ehenucal eatt ftenble 
properties 3 General nastanee to 
chemical chanse tair 

3 U oak acids flod alkalis 
snell sad dissolve 

4 \cid pepsin easilj' di 
jtested 

5 tfkahne trjpsm rests 
tant 

0 Hydrated collagen is 
gclalm 


Perhaps roost re«istfliit 
matenal id Iwly 
Ite^stsfit 

Slowly digested 

Slowlj digesteil 

Cootains 50 per ecnl gly 
eirw ond leucine (Uells, 
1933) 


lluJcc intcnwdMlr Jir'* 
, ift« 

I More like colbrmie 
Not BO mrtant 
? 

Jlmstaot 

I uknotvn 

I 


Tipelonal 

properties 


] H and £ stains pink 

2 Mallory blue 

3 Orcein and resoran 
luchsio not stained 

4 \anous nher tech- 
niques; not usually black 
ened 


Usually Dot colored 
Rotor yellow 
Rirplo'bJack 


I Put hinlly pink 
> iiluo 

I Not flamed 


\ot usually bUcLencd Spmfieally hlsckroe) 


[ Poswl ly /roffl Elr" 

, called rrticoi*^" ' 
May I* anataiw^^^ 

/nnopil funding matenal Affordse/aaficiJ* los'^rn 
great lenoJesfrcngth osclerosis exhibits P''^ , 

nonieaa of ageing hke all 


t trom fibno* (Ilattsell 
193.J 

3 Jo wtcrecJhhf sob- 
stance under influeocc of 
(ihrobbsts 
J Independent 


From unknown Biibstanee 
Same 

Independent 




LOOSE CONNECTIVE TISSUE 


273 


hold that they are fundamentally different Corner (1920) and others think that 
they are formed by vascular endothelium The most comprehensive account of 
all the connective tissues has been given by IMaximow (1927), vho emphasizes 
a relationship to collagenic fibers and shows instances of anatomical continuity 
between the two (Fig 224). Indeed, reticular fibers are frequently styled “pre- 
collagenic ” Wolfe et al (1942) have described a gradual transformation of reticu- 
lum into collagen in the process of ageing of connective tissue in the female genital 
tract of rats 

Fibroblasts (L fibra, fiber -|- G. blastos, germ) are descendants of the primitive 
mesenchjTnal cells from which it is often difficult or impossible to distinguish them 
It IS, however, a simple matter to identify them without the addition of any stain 
in spreads of subcutaneous tissue. They occur by preference close to large colla- 
genic fibers Their nuclei are oval with a tendency to lateral indentation and are 
much the largest ordinarily present The nuclei look empty but close study usually 
discloses one centrally placed nucleolus, seldom two or more The endoplasm is 
usually rather free of granules and extends out into thin, rapidly tapermg processes, 
the limits of which are somewhat indistinct In H and E sections fibroblasts are 
also easily identified by their elongated nuclei and by their position in association 
with collagenic fibers The only other nuclei with which they could be confused 
are those of endothelial cells marked by their relation to vascular or Ijunphatic 
lumina. 

Carrel and Ebeling (1926) have advanced our knowledge by studjdng the food 
requirements of fibroblasts in pure Ime tissue cultures They say: “It became 
obvious that fibroblasts must be in a resting condition within the adult animal on 
account of their inherent property of requiring for multiplication substances whicli 
are not present in lymph or blood serum It is also exudent that they are capable 
of assuming their embrj'onic activity, even in extreme old age, durmg the process 
of wound healing, or of organ sclerosis, because they have tlie power of feeding on 
substances set free by leucoc>des or by epithelial cells, as happens when adult 
connective tissue is cultivated in embrj^nic juice ” Presumably they mean by 
“resting” that tine fibroblasts are simply playing their part in tlie maintenance of 
the tissue fluid and fibers about them for real inactivity means deatli The autliors 
find tliat tlie increase in rate of growth caused by tlie addition of embryonic juice 
to tlie culture medium is reflected by alterations in the structure of tlie fibroblasts, 
tx-pified by an increase in cytoplasmic material stainable witli neutral red and bx* 
an elongation of tlie mitochondria colorable with janus green This is illustrated 
m figure 225 

Mast cells (Germ masten, to feed, fatten) are fairly large, plump cells whose 
cvtoplasm is crowded xnth granules They are not nearly so widely distributed 
as fibroblasts, but a fexx' can be seen in most spreads of subcutaneous tissue The 
only cells xx ith which confusion might occur are inwandenng eosinophilic leucoex-tes 
The cytoplasmic granules of mast cells are generally somewhat smaller and* less 
highly refractile They are soluble in water and usually disappear one-half hour 
or more after the spreads are made, whereas tlie eosinophilic granules are very 
resistant and persist In fixed preparations the mast cell granules are stronglx* 
basophilic The nuclei of mast cells are smaller in proportion to the cytoplasm 
and more spherical than in tlie eosinophiles— a point that can also be made out by 
intensix e '^tudx of fresh spreads, the nuclei being recognized as the part of the cell 
devoid of granules The mast cells are, as a rule, larger than eosinophilic Icuco- 
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r\tes and much less likch to too\e about between the fil>ejs ^7Ic^r^hfll^a11 
bloo<l Insophiles js uncertain but it is po«sibk tint the\ nlyi pitKliKt hrp.- 1 

(p 20) S\l\en (1940) links this, idex with tliedKnppeiniiceof nn tallpi i 

in railutcd ti'.siies j 

l/ocrop^njej alreaiK ln\e been discuaset! (p 30) The\ are known 1)\ a t'»i ’ 
of terms w ere referred to b\ "Mnaimow ns ‘ameboid wnmhnncolirasl I 

W'i\ be regardeel as cells of posajbh dnerseon^m n Inch exhibit phipx-i tic fnf“ | 
erties The word ‘hitiocxtc* should !»c dropped It is often (niplmol ] 
mou-'h with fixed macrophages or inacroplnpcsi which an. ^htl\el\ fi\n! n 
position not hfiMnp enjoxed an opportiinita to mo\e about and pick up ck’h'N. 1 
In spreads macrophages difler (1) from the fibroblasts b\ having «ma!!iriiula j 
devoid of conspicuous nucleoli wlucli are slightlv more nfnitilc Itecau c tV» ] 
possess more chromatin and bv their more rounded shape (2) from (hem ted*' 
and eoainopbihc leucoevtes bv the fact that their cvtnph«m i^ not iKickctl ti»'i 
granulci Macrophages arc mconspicuous and mav he absent m tmmul tt i’** 
Thev should be studied ui sulieutaneous tissue from animals which have nrcnp! 
several daiK injections of tn*pan blue \Micn this has been done thev arc hinh 
demarked from the other cclh In tin. fact that tliiv ingest thelirgCNt unu until 
the dve 'lltedvc iccumtilKcs in (lie cv topi wn m roundtd mas. (n of v irtahh ‘i c j 
ribrohhsts tike m a little and hold It longer The difltrciici m ris|>on*e to a kiI-' | 
rangeof lives isdescnbed and hciutifullv lHu^tn(c(^)v 1 vans and 

Ihe cMinojyhika are m nonnil conditions the most constant of inwaiulrtir 
blond cells Wliv the' arc attracted from tbi blood «tmni into the loo'f nr 
ncctivc tissues w< do not know Tliev migrate in largest niimbirs not into the 
subcutaneous tissue but into the loose ounnectiv t (iS'Ue « Inch nnderhes rjulhrhi ; 
through winch there is considerable absorption Tims thev hm up Uneith t * 
cpitlulnl lining of the small intestine and rcspiritorv tract 1 lie pox ihditv tu( i 
tiiev t ikc some part m the detoxification of nbsorbwl substances has Ijcin all'i' 
to (p 29) I ymphoctfiet arc also of common ocenrrtnet Tliev tnwgnte nta 
th( Ivmjibatics as w ell as (he blood ' cssels both of which arc Indgnl m conn's 
tissue of this tvpe Though Iv mphoev tes v arv m sire, some of them Rre(he*»JJ 
celN encountered m loose connective tissue 1 noiigh has bon vml 
to leave no doubt as to tlicir recognition It isngrcol that someofthel’-mr ” 
transform into phvm eeUs which differ from tv7)ical small IvTnpW't'^ j’’ 
possession of rather more evtophsm Tins tvtopiasm presents the tv-jnen 
phocvtic basoplnha except for a rounded arei to one «iile of "/►Y 

nmains clear and does not take basic dves like nicthvlcne bine 
Such cells are frefjuentlv encountered in sections of clironieallv inflanws ti' ‘ 


I ECEND rOR FlO 22 I 

Fio 22o — *?tructural and functional re«pon«c of Iivang chicken 
media of difTerent Forls as wvn after FHpnvilal coloration with 

15 Plaona prow th rate 4 0 14 pla.«ma and enibrjonie juier pn«t*i r» ' 

growth rate 0 97 If ph=nia and embnou*® prrmthrate2.k- I ' nf..pr 
1.2 18 pli.«ma and cnihnonic juiec growth rate 4 T>ai'‘Ie »ohi '"n ^ ( 

20 einhrv onic juice growth rate 3.2S SI Tjitxle solution one —tlVrv- 
the other With Janus green growth rate 1 cm' O'mie juicr, ^ j j 

7 ^5 Tvrodo growth rate 0 01 S 4 cmbrjonir June growth rate, 
courtesj of J rtjier \fp<i ) 


loose connective tissue 


275 


./ 


\ 




V, 


\s 


1 / 

/' 


14 

i4o 

•.' 4 ^ 


v\ 

\^} 


^ J' 

f \ 

•^"'n -'« 




/ ✓ 


l3 


I 


( 

'( 


\ 


I vx . ' 

A ' V * 




- /' 
f 


1 ». 
f » 
1 , 




: r \ 


•J/k^ 


•4 

7-i 

'V. 


7 . 

■ f \ 




J, 


k 


V '"'* 

! L6 




r 

/ '• 

■i/ 


.'• t 


f 

/.j i - 

, 1 > .H 

Ir .' 


\\ 




1 \ 



-'! 


/ “N 






. . 


: \ 


v \ 


/' 


vv /'/ 

' t'V ’ 

:3 


■•jy 


'' ■ w 


' \ 


I 


A 

v >- 


"V 


1 

' w \ 


\ 

I. 


J 



e 

>* 





Fig 225 



COWECrill SiSTtM 


27 U 

muctrvj of Miuj^cc) but it to not to K c'qxxied tint the^ , 

Miffitunt fax|UtiK\ in "printla of Mll>cutanoo{|^ tisMit to Ik c-i-^ib c » 

freshstatc Sonictnnc> iCKjophjJicffMw'/fiwfjMfornimtliojmt.jpli i 
No nsefni punw^i }» i-> been istnbwl to plistn i colls TIh s na to Ik* l.n knl l 
lb one of tin 'ticriJ cndbt'ipc^ m tht Iifi. eidc of luiipli(K\tes (Wimj, 'v 
fites of luQplioc\teb la <k-K.nl>etl on pige 31 Tob moqibonudi ir nn'- \ 
hucDciiks oni\ enter tin loo e eonncctiec ti-'suty iiluii tlu\ an nlW f.rrb i' 
pcnctntJonof certnn bictern and tovk- Ued liltuKlwlbKn fa J- 
i!l spre id->of slJbclIt’lnco^^ ti mu bimph fortljerriMm tlut it hiinjHK iH 
tin m w itboiit niptiirinp IiIoikI \ easels nit \ iffonj i com t nu lit rnriMin i f *1 ■* 



III Z2^i -CclN from noir ton«il ZenKer fonnoJ, Jicniaton Im «<*(ii iiur ' I'* 
(Matimow Cowdrv s Special OtoloWi U Inp) 

Olniiiij'h lo()-.c tnrmcctnt ti iut w Mpt wiiMv ilisfribiitnl It 
but I It i) l>( ( iiisc of tlie coutamtd IniiiR cclb If tJir ti ->111 lliml m d imns-p^ 
n I nil Ilf dll it ition of tin. t ijHlhnesnml tomt*((ii(/it intn i'>( tn tl»if f^nnra ^ 
nr bet iii>i Its i\ Kintion j* niUrftrtd uitb bt iriiuffiiKtit unoiM nr b«'r ■* 
drimi^i the tis m swclK »mj liocomos ««tir lopRed (I’llmiitoH'*) Hit 
in \<i!iiin« nn> Ik inonnoub is in tJepIi uifitsis of the IcfT^ of 
It I III tin Iiinsi ttifincitni tiisui. btncitb tlit '«biii unil abuit d” 

M itt r Is I hii tb stored «Jsi» gtiittise ind mU f aiuton (19 1-1 .^1 

st«iri;,i In inii/nl itioii Mnti thtrt ts n« tliomicil clniifti- m dii iiMtini ^ 
^tnnJ,t i fnri i kind of tidi tint rises and awli“' «itb ^*‘11'''^"'' 

In ioo I <omj<(fnt tissue llit iibuniitouK /ffmiWfift* md dn ‘'^‘*^*^ 1 ., 
tinmsl in nlitiub fewer {kt unit voliimi Ikk um «'f dit hv ^ 

Ibiid jiin) tin djimdintt <if filwr* tliiii aa tin cclb of ipitmui ti 

ir. .)o .)i ,m«disl M^etJnr Jt foHowi tint tk nittikk 

loijnistin fissii. in liss tilth lliost of tpitklunn f»Jninl|8 ^ , 

i-st dill Iks! Im twn n tin two Ibit nitli ‘«mie inpinet tin ‘ ^ 

til* oniKs tiM t» m »h<»s( netdt an levs w lUiilTcitnl and /no rtt 
a pin iKitin iitiii IvinnMi a yffimn* and m ititfi-^feif bi n ^ ^ ^ ^ 

ifid h.nii itiiii) f addir;o/ml filwrs \iwitkr <tph/nf/''/M< I’d ^ 
ti sin <sl! in I.-. hi;,Ji}v jMudiml tint/ tpifub'’! jli‘ 

ititioiiiti I iimih's/Im fnofb*s of rcsptm e to tnjurt «/t ndim'» , ' 

diditt 1 iiMilfi;!\ ; j n e.rc's i\<b lo t \nteti ‘'I’oeidi I'llti ^ 
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conditions their ad 3 ustabihty is limited in the same manner that an expert may 
go under when deprived of his occupation and a more versatile man may survive 
This argument hinges on the degree of specialization of the fibroblast and upon 
whether it is actually the fibroblast which multiplies or primitive undifferentiated 
mesenchymal cells which still lurk in the loose connective tissues and give rise to 
fibroblasts 

In wound healing loose connective tissue plays a prominent part Products of 
cell destruction, which have been unwisely called “necrohormones,” stimulate the 
fibroblasts which multiply, produce collagenic fibers and bind the edges of the wound 
together Epithelium, when present, cooperates The whole problem is well 
discussed by Arey (1936) Fibroblasts, and the malignant sarcoma cells arising 
from them, should be demonstrated by presentation of the excellent moving picture 
films made by Dr Warren H Lewis to be rented from the Wistar Institute of 
Anatomy 



Fig 227 — Cells from the margin of a fat lobule (Sharpey-Schafer, Schafer’s Histolog}’» 

Longmans, Gieen & Co ) 

Fatty Tissue,— Fatty tissue differs from loose connective tissue by the fact that 
the cells have taken in enormous quantities of fat, which stains with Sudan III and 
blackens vith osmic acid At first sight the cells look like nothing more than drop- 
lets of fat Close examination demonstrates that eaeh droplet is invested by a thin 
film of cytoplasm which is a little thicker on the side containing the nucleus so that 
the fat IS definitely intracellular (Fig 227) 

It is hardly necessary to point out that fatty tissue constitutes an important 
resen e of energy yielding material, that it provides a convenient packing material 
of light weight (p 49), and that subcutaneous fat serxes as an insulator against 
too rapid loss of heat But inx estigators have accepted fatty tissues too compla- 
centli Wells (1940) has written a fascinating paper entitled “Adipose Tissue— a 
neglected subject lhat it is a dx namic part of the body influenced bx numerous 
factors concerning x\ Inch x\ e are densely ignorant is nox\- accepted 

Fat cells are not simplx enduring containers xx ith energx -rich material locked up 
in them at some remote period like the coal strata in a mine Both microscopic and 
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clitmicnlcxidencesbo^ that fit ^ 

ccJK were held under ob'^w ition jn chijnJ)cn jn'^erter} m the ef 

b\ the ChrU U^^O) tbe\ Tve?tsw«toundwjw>nr);ctlnnstsm>oh-,nkJUT-‘~ V 
tjonoffat in small dropUts coalftscenrr to form a Mnt-lc hrjre dmpl. t «iW>- 

decrease m size of this, droplet and be^mmnfr Tcprtiljon of the pnKcv? a-iflt A » 
m figure 228 Tlic cedes, mix be compintn eh <hort m vime ea'e^ and 
longer in others llow often tbex vte repeated bx indniditd reft o urlrosq v 
that Schoenlicimcr s a«!Sumptiori that fat cells ire short la ctl y unoara vi 
Daidmcfit cells arc scuceh exersoen Tiiesamecinhes.iidofd\m;pR.K 
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Fio 228 -'Camera lucida records of a wngJc new fat reU (Clsri #wl Cl» I 
courtc^ of Am J Anal) 

On the chemical suit Schoenheimer (1937) Im ax ailed luin«<lf of the fa<t w 

futev aeichian homarhed bx inclusion in them of heflv> hvdrogrn (drotrruai'i ’ 

hf^ eir^ienments those in mice held on a carbohxdrate ihtl phis heax> 
replaced lu-xxdaxa bx nexx fattx acids wntairwnp heax x hxilmgcn Thariax <* 
iiKire ropwl turn <ixer than that iisuallx tahin/; phre, hut that it canrerirM' 
c inf In anotfur expenment Jic found that the larpir part nl ihrta^ N' 
uxnlimi diriaih hut is first deposited in the InUx ti'i^uex f 

>^111 th It iiatucc IS a good housexxife ^ho uses up the old 
whde vfunnj, new food for later scrxiec lor further xxntk along t " j,.v* 
‘'xmp<i..iiim on Intcrmreliate 'Metabolism of luts Ihological ^xanpr.^ » 

< nttill I'rcHS l^ancaster Va JW t n » ' 

t. pcrplixing feature of fat cells w absence xxhere not j,i 

ciitiinwius tivue (»f the abdianina! tv all few m that of the *<niiun» 
iinmv jiuav UK'S of long bones fetv tutbinthetnnnUaxiix.ftc rtrefft-ell 
According to one idn fat cdls arc aimplx cxlh onRuxalh not r j j 

the tr fat m*s.s xv hirli hnx c stored fat Great ' ajjiiencvs is manur'^ *** 1 ^ it r»‘~ 
tvfuttho xven tostartwith fibroblasts rrtKulai'«l^' f'' 

mex* mhv m itmis (-fll-, which arc soconxcnicnt to thmVof and'^ 
theprpsemn of invnh fat vn one area and of little or no fat crw>l ^ 

focal difTermia-vin th( lalls mtlieir immediate tis ucfiuHlrnxin'nm 
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In terms of another view fat cells are a separate tj'pe of cell of mesenchjmiatous 
lineage characterized by definite properties. But explanation of the occurrence of 
much and little fat would be in the same terms of local differences in the cells and in 
their environments 



Fig. 229 —Senes of records of a group of 3 mature fat cells. (Clark and Clark, 

courtesy of Am J Anat ) 


^^cils inclines toward tlie second concept, which is now the most popular, and 

Cites an intere-sting case. The patient, a girl aged twelve years, lost the skin of the 
17 
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back of one Jnnd b\ a se\cre bum The surgeon made n graft of fm d 
fiMocrunal \s:nll and npparcntU \mplantcd with the epidermis some suV- ta-^ J 
htt\ tissue All went n ell but ‘Ss the girl matured and acqmreil the roturd i\ i7» 
matron the transplanted skm fnilctl to realize its altered status and laid on tie «a« 
ainount of fat ns the original abdominal nail The result n as a gretc^ue K 
glo\e effect 

Another example of well established regional difference in l>cha\ior cf fj«tT 
ti'isues Is the acceptance h\ some of much more fat under the influence c! Imif 
hormone leading to the dei clopmont of regional feminine cun e« PerhapK 1 % 
particular fat cells are so turned that the\ respond to tlie liormone while othrr' tb 
not or do so to a less extent— a phenomenon sharph dcmonctnlci! h\ q-dn-j 
cells (p *^70) 

Normallv the storage and release of fnt is regulatcil to a niccti incachrro' i 
amounts established b\ custom If more fat i:> absorbed than is oxhlurd it ^ 
heaped up If oxidation is increasetl o\er absorption it is decreasttl UTrn !'■? 
rate of metabolism is geared up bi administration of th\ roxin stores! fat i* hu'-t ' 
According to Julian el al (IfMS) anterior pituitan liormone causes rai^ntna t' 
bodi fat to the In er while lipocaic hormone of the pancreas facilitates moiertcic^ 
fat to bodi depots Other hormones niaa enter the pictureas in thcsi'cciilcs'cr/ 
activation of tlicmamman glands after pregnanev I ipascsareimoUnl indmli 
host of factors known and undreamed of 

I att\ tissue cnjois a considerable blood suppK and the Clarks oli-enoU 
decrease m the fat content of three cells close to a ae«sc! in which the \pIi nf d 

blood flow increased (fig 229) Tlie reverse might perhaps take place if the him! 

had been cliarge<l with fat during absorption from the intestine It n iltnih'J 
whether nerve impulses operate in the storage and discharge of fatrxnptbv nr al 
of blood V esscls 

Iloreditv is a potent factor in obcsitv ’l\ell5 mentions the oMiimnce of i»tti 
tumors (lipomas) in all males m two generations Diit m such C3«cs the »t v 
securelv locked up m the tumors because the wasting both is unahlctowithdra^i^ 
Know ledge of this immobilization might go far to explain the niccham ms of a* 
storage and utilization of fat , 

Cartilage —In cartilage (I carlihgo, gnstlc) blood aescls bmphstin 

nr.ta.es ma.'. ba aKs/ioJ. 'a. onf. of. fllimus but of Innlinecnnsntrnr' 

pearlv white appearance In ordinarv stained scctioris the cells seem to -c - 
pended m an opticilh homogeneous matri-x Onlv h' spctial techniniK'* wn 
i>e demonstrate The ground substance which has been ilcvclopnl *' 
the original tissue fluid hetw een mescnchjTna! cells 13 firm hut Ins none c 

ticncss of bone ChomicalK it consists of chondro-albiimoid , t/ 

cliondroitinstilpliiiric acid plus the collagen and elastin of the fibers j , 

the grtuind substance for basic <Iv cs is attnbuteil to tlit acid but Ha'o | 
out that It ma\ be due in part nt least to the plivsicnl pmjurties " 
mucoirl 'smictimes an acidophiha IS note*! riiis is occasioneil 'V . ^1 
How the tissiii fluid is nlterwl mthisvera radical waa Ins never jj ^ 

riie tnieineclniii m of almost cv era process of differentiation cm" p^aJj 

formation of cirtilage can be watche*! in nro (Clarks J9I-) f^nbh * 

inatnx has dcatlopotl the mass of ti'^ue is wallcil off frfuii /‘[elh 

limiting connective tixsiie membrane the prriehantinuri .j, „ *<• 

and colingt nic and f I istie fillers rlo^elv bouraf together It is a n’ 
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some of the fibroblasts of the perichondrium should be dignified by the special 
term eliondrobhsis to signify their ability to transform into cartilage cells and aid 
in the formation of new ground substance in regeneration after injury. Certainly 
the avascularity of cartilage is a factor in the maintenance of its chemical and 
phj'sical properties But the cartilage cells are not as isolated as they appear to be. 
Cj-tological methods show that they contain tj^pical mitochondria and some gly- 
cogen. Fluids bearing oxygen and food supply percolate through the ground 
substance to them and waste is eliminated bj'- diffusion in the opposite direction. 
The ageing of cartilage is described by Hass (1943). 

Three kinds of cartilage are recogm'zed. Hyaline cartilage, as the name implies, 
is particularly glassy (G hyalos, glass) in appearance. It contains fewer fibers 
than other sorts of cartilage and is, in a sense, more primitive, for in the embrj’O 
it formed the basis for the bones of the skeleton (except the membrane ones), 
which developed from it by calcification. The cartilages of the respiratorj' tract, 
which serve primarily to hold the lumen open, belong in this category, also the 
costal cartilages The articular cartilages of the joints are also hyaline. In 
fibrocartilage there is a heaiw development of collagenic fibers in the ground sub- 
stance, as in the intervertebral discs and sjTuphj sis pubis. Elastic cartilages look 
yellow' for the reason that they possess so many yellow elastic fibers. They are 
more flexible and elastic (epiglottis and certain larimgeal cartilages) 

Bone,— As a preliminary it is well to note the ways that Nature has solved the 
problem of mechanical support Two principal materials have been employed: 
the carbohydrates, cellulose, in plants, and minerals, especially calcium, in animals. 
The living cells of plants have not only firm retaining w'alls of cellulose, for which 
there is no counterpart in the animal kingdom, but they also contain much fluid 
Osmotic forces are harnessed to hold their shape by the operation of an inner 
plasma membrane comparable to that investing animal cells Young shoots droop 
when they die and lose water The center of a tree trunk may rot and waste away 
while new cells are formed layer upon layer on the outside. Some cells, however, 
become dehydrated and the cellulose sets An old tree holds up its head long after 
it has died and fluids no longer circulate in its fibrovascular channels 

Both mvertebrates and vertebrates have supporting tissues made up of a little 
protein plus calcium phosphate and carbonate to give firmness, but these constitu- 
ents are utilized differently. The chitinous investment of arthropods is an exo- 
skeleton that supports and at the same time protects It is wholly dead, not 
possessing any living cells or blood supply. The endoskeleton of vertebrates is 
Itself protected from the en^ ironment by skin, which is movable on a bed of loose 
connective tissue supported m some places by fat, so that the force of blows and 
mechanical injuries is minimized. It is made up of bone on which rigidity is con- 
ferred by impregnation witli minerals There is also an organic binding component 
consisting for the most part of collagen. This has been described in the architec- 
ture of teeth. The bones of some vertebrates are hollowed out and filled with 
air to gi\e lightness They are, moreover, highly plastic and adaptable to new' 
strains and stresses In addition to giving support, the bony skeleton serves as a 
reser\oir for that e.xceedmgly important element, calcium When calcium is 
needed bx the orpnism it is withdrawn quite rapidly from the bones, and, under cer- 
tain conditions, is returned to them Blood formation mav and does on occasion 
occur m nmiiv parts of the body, but Nature discovered in the evolution of verte- 
brates that It was a good plan to seclude it in the most protected parts of the body, 
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naineh wjthin the cavities of the bones In this v,j\s the skeleton jJevfWi 
from tlje hjghh tafenfed mwencJj%uje pfa% s an cbscntial part in mte^n * ^ 
b% forming bfooci cells 

Figure 230 illustrates Uic earl} development of the log Hnf the huih I A 
recognizable m 9 mm embrj os as a sbghtU elongated condcns-it ion of nio^nohMar 
Thisgrovrs until in embn os 11 to M ram mlength the \anmis ■?ogtmnt 3 h«t'ry 
distinguishable ns masses of cartilage Betvvcen them the mc-^nchvnic iiinhr'r* 
hijutfaction and the joints appear m the 20 mm cmbr>o nien intheoOwm fr? 
the femur is seen to ha\ e the cartilage of the outside of the shaft replacol jvr 
chondrial bone (dark stipple) 



nie ‘itage-t in flic development of the femufi beginning m ^ *p., 

stage of nlxnit a 20 inm embrvo arc indicated diagrammaticanv in 

phases repn <tntwl are not drawn to scale nor art tht% aceuwte i i ^ 
discus-sing them it is to be noted that it takes about tnciitv 
constwtion of thin Itoni The increase m length hoin birth to in» “ « 

G\ e times ond tliroughout this period tlie Iwne must fiinclion as » c' ^ ^ 
powerful «m m tlie IwxJi Tin task of engineers in proflucing a ^ 

I ot grow nor adapt it«eJf to changing dtmatids, H chddidi in (t 

I Tlic cartilagnioiis model of the future lione is iHustro rt . ^ p-* r 
extrtme left in figure J U Tlie cartilage is formed from mesency 
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indicated I)\ a red line clo«e to its outer ‘surface but the cartihcc ttithit, .t v.. 
blood I cs«cl> at this stif’c ^ 

2 In the penebondnmn co\ering the shaft the cIohK padM oil, tt n ’’ 
supplied %\ith maternls of imii\ sorts reaching them m the bW Tl^\ 

enlarge and begin to depo it mtircellular material m thin Ja\ e rs on the -v i' 
tlie c-nrtihge, and betucen them which ossifies Tii(\ are tlurefoo callnl w' v 
bhsts(G osteon hone -i- blastos germ) oroi/roffeniccff/j,becnu'ctlit\ fonnh r 

llie intcrcclluhr nntcrnl first formed is organic and fibroin Liter in j» b 
iniprcgintwlwithmincnl&andossifiwl Inordmarx prcpapitioiisthtkncpm «. 
jn itrix IS maskwl ^forc bone is )iid down from without ‘some of (In o (o'fU'tv 
become 'eparated from the blood stream, iiicorponteHl lu the Kmv inatra n A 
clnngc into bone tells Osteoblasts are illustratctl m figure 2)b and Umc n 
figure 241 

\\ith this clnnge the penthondrmm btcomes known ns pfrn«Viii imr i 
iinists bone m plaet of cartilage The pcriostci! boat is Iuii!do\niiiiabimUtiK}i 
entirclis the shaft But the bind is \er\ porous so tint in mam pljits dip ix*- 
tuh\ri?cd periosttum pcnttritcs m through the bone and comw into mtiroiti 
contact with (ho cartilage beneath r\on before the fonmtion of (he jtriif'ril 
bon\ bind the cartilage cells withm begin to swell up and thcmtercelliilartiutrnd 
to mrcf\ ^\o^v, blood icsscls from the periosteum, nccoiiipinitil h> 
netnel^ innde the cirtdige m one or more phccs and tlin hv iloini leiien dc 
c irtilaginous shaft Ihis is designated the pnmirv center of ciidocliomlril l«''f 
formition for It IS within cartilage Itisal oca!lcellhc»/irtpAy»M (0 growtliiliMi 10 
Iht bone thus formcil is of spongy tonsisUnc\ sinee it is dijHhitid h\ tin* o 
blasts between and along strands of thing cartilage cells It is nnlinilf’l In fi''* 
stipple m (he diagram 

i At about tiie time of birth the penosted band has iTtcndiil (iirlliir up* ' 
down the shaft The primars diaphsscal eciitcr of tndoehnnilral Ume funinti 
h is likcwK txtpiidcd At about (he middle of (he dnft when, the larp* I 
^l^^cl& enter this bone becomes orodctl and resorbrd to form thi h « * t 
111 irrow (a\its This process of iMincdestrmtion h nfcrrml to htir h tfirdi M 
tJit} Stunt bloDtl sostJs and ostroWists from the dmft pemtnti iliiph ''‘f' 

( irtiligt litre isecondirs ccntcrof tndochondr d o-'SiIk ition isiKmI 'I’'' ' 

■vitnt w IS It H (eniusi an ejnphym ln'caii'-c (he growth »/’' » ^ 

shift llicnrcus rtprestnted mfiiipstipph i Mp 

4 ^\ltlllrl the penosted Iione of the shaft a later is difTinnluto » ^ 

known IIS corn[iacl bone owing (o its h inIncss ihn i> indicitisl Iw “ "'J 
line Alorc cndothondnl Iioiic is fomictl in the distal tpiphtsis In t ic« e 1 
the marrow ci\it> is cxtcndtsl and endochondral Ikuic rmroathes iirt iff* 
growing uirtd igcs at both ends resulting man intmsc in length 

III the proximal end tw o sccoiidarx centers of cn<h>c!KH»lral t»s * “"'j*' ^ , 

the first m the tartilagmous iiead of (lie femur during the first Maron' 

in the cartilagmons great trochanter in the fifth tear 

It IS important to note that the head with the gnat triKhaiiter 
of cartilage uliuh inclinlc'S these centers of os. ifiratiun I*'"’' 

place b\ a pnijtetinn upwani mto this growing tartilagi t ' r'" "* ^ .. 

whiih repl itxs the cartilage \n nrterx, entering with (he jri ‘ 

plus the tpijilnsia! n ntirof fjidoehoiidnlossifientionof the he^' 

IKrsists in «ome adults 
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5 The endochondral bone spreads to occupy the center of the entire distal end 
of the femur except for a layer of articular cartilage facmg the joint cavity and a 
layer of cartilage between it and the endochondral bone of the diaphysis This 
second layer of cartilage is referred to as an epiphyseal plate, or line, of cartilage. 
It IS represented by short, parallel, vertical lines because the cartilage cells in it 
are arranged in columns (Figs 236-238). 

The sides of the distal end are protected by the periosteal bony band Through 
this porous band blood vessels enter and these more and more effectively supply 
the distal epiphysis while those running to it from the diaphysis are reduced In 
this periosteal band some compact bone is differentiated 

In the shaft the periosteal band is replaced by compact bone and the marrow 
cavity is further extended At the proximal end a third secondary center of endo- 
chondral ossification appears for the lesser trochanter. This epiphysis is indicated, 
like the others, in fine stipple The endochondral bone spreads upward forming 
a wedge between the epiphysis of the head and that of the great trochanter, so that 
the neck of the femur is bony. In the head, all cartilage is replaced by endochon- 
dral bone except a layer of articular cartilage and an epiphyseal plate. Endochon- 
dral bone in the epiphysis of the great trochanter is spreading 

6 There is great increase m length at the distal extremity by multiplication 
of cartilage cells and their replacement by bone on the diaphyseal side of the 
epiphyseal plate The shaft is wider owing to deposition around it of more compact 
bone Some periosteal blood vessels supply blood to the marrow cavity. At the 
proximal end, the endochondral bone of the epiphyses of the greater and lesser 
trochanter replaces all the cartilage, except that of the epiphyseal plates, and here 
also integration by penetrating periosteal blood vessels replaces that from the 
marrow cavity unthin It is at these plates that extension of endochondral bone 
of the diaphyses takes place. Periosteal bone formation is more aetive on the 
proximal (upper) side of the neck than on the lower side 

It has been repeatedly demonstrated, when metal pegs are inserted a measured 
distance apart in the shaft and after growth in length has taken place, that the 
distance between them remains the same. T^^len, however, one peg is placed in 
the shaft and the other in an epiphj'^sis, they separate as the bone increases in 
length. This proves that it is in the epiphyseal plates of cartilage, which intervene 
between the secondarj' endochondral ossification centers (epiphyses) and the pri- 
mary center (diaphysis), that growth takes place In these plates of young animals 
the cartilage cells can be seen in the process of multiplication The growth is said 
to be appositional because the cartilage cells are changed into bone and are added 
to the bone at the ends of the shaft This is to be contrasted with the interstitial 
growth, or internal growth, by which expansion of the original cartilage model is 
brought about. 

^^hen a metal band is fitted closely about the shaft of a young bone, after the 
bone as it grows increases in girth, the band is discovered free in the marrow cavity. 
Tins proves that, through the activity of the periosteum, more and more compact 
bone is deposited on the outer surface while, with increase in size of the marrow 
ca\ ity it w as removed from tlie inside 

An excellent way to identify newly formed bone is to feed a young animal 
madder. This dye is deposited m the intercellular material of ossrf;\ing bone as 
long as it is being offered to it in the blood stream ^Mien the bones of small animals 
are cleared it is seen that the bone laid down during this period is colored bright 
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bronchopneumonia and bronchiolectasis Such experiences are indelibly written in 
the growing bony skeleton 

Examination of tlie diagram, figure 231, especially of stages 5 and 6, shows that 
the endochondral bone added to the diaphysis at the distal epiphyseal plate is 
wider than the diameter of the bone proximally This means that the bone once 
formed is reshaped by a reduction in girth At the proximal end there is more 
extensive remodelling. Figure 233 indicates the shape that the head of the femur 
would assume in growth by extension from five to fifteen years of age if remodelling 
did not take place 

7 With final cessation of growth m length at the epiphyseal plates the endo- 
chondral bone of the epiphyses joins that of the diaphysis This union of epiphyses 
takes place m definite order, those first to 
appear join first, the last of them about 
the twentieth year. The actual observed 
time of union of various epiphyses is 
made by Todd (1933) the basis of an 
interesting and valuable determination of 
physiological age Retardation of growth 
as well as precocious growth can be ac- 
curately measured in this way 

When union has been accomplished the 
bone is solid from the proximal to the 
distal articular cartilage How these ves- 
tiges of the original cartilage model are 
regularly, and exactly to the same degree, 
exempted from ossification is a mystery 
The costal cartilages attached to the ribs 
are similarly immune until late in life 
when calcification in them is patchy. 

The structure of bone is very well 
adapted to its use Bone may be likened 
to reinforced concrete insofar that the or- 
ganic fibrous material of the matrix gives 
reinforcement and the calcification cohe- 
sive strength But it is dynamic and highly 
adaptable not static Changes in functional 
demand are followed by definite altera- 
tions in internal structure and external configuration in accordance with mathe- 
matical principles Koch (1917) has made a detailed mathematical analysis of the 
femur Figure 234 indicates how closely the trabeculie of cancellous bone and the 
thickenings of compact bone correspond to lines of mechanical strain Ample 
factors of safety, providing ordinarily unnecessary strength, are supplied in order 
that it V ill not fail in emergencies 

Now for the details First the epiphyseal plates Figure 235 show s a section of 
the distal end of the femur and the location of figures, 236, 237 and 238. It is 
c.ssential to remember 

(1) That the cartilage of the plate intervenes between the endochondral bone 
of the epiphysis 


15th year ^ 




Fig 233 — A, upper end of femur of 
five-year child, above which is indicated 
the position which the head and the neck 
of the bone will occupy at fifteen years 
B, the form which it wmuld have assumed 
had there been no remodelling The arrow 
indicates the direction of appositional 
growth (Keith, Sir Arthur, The En- 
gines of the Human Bodj% courtesy of 
Williams and Norgate, London ) 
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bronchopneumonia and broncliiolectasis Such experiences are indelibly ^Yntten in 
the growing bony skeleton 

Examination of the diagram, figure 231, especially of stages 5 and 6, shows that 
the endochondral bone added to the diaphysis at the distal epiphyseal plate is 
wider than the diameter of the bone proximally This means that the bone once 
formed is reshaped by a reduction m girth At the proximal end there is more 
extensive remodelling Figure 233 indicates the shape that the head of the femur 
would assume in growdh by extension from five to fifteen years of age if remodelling 
did not take place 

7 With final cessation of growth in length at the epiphyseal plates the endo- 
chondral bone of the epiphj^ses joins that of the diaphysis This union of epiphyses 
takes place in definite order, those first to 
appear ]om first, the last of them about 
the twentieth year The actual observed 
time of union of various epiphyses is 
made by Todd (1933) the basis of an 
interesting and valuable determination of 
physiological age. Retardation of growth 
as well as precocious growdh can be ac- 
curately measured in this ivay 

When union has been accomplished the 
bone IS solid from the proximal to the 
distal articular cartilage How these ves- 
tiges of the original cartilage model are 
regularly, and exactly to the same degree, 
exempted from ossification is a mystery 
The costal cartilages attached to the ribs 
are similarly immune until late in life 
when calcification in them is patchy 

The structure of bone is very well 
adapted to its use Bone may be likened 
to reinforced concrete insofar that the or- 
ganic fibrous material of the matrix gives 
reinforcement and the calcification cohe- 
sive strength But it is djmamic and highly 
adaptable not static Changes in functional 
demand are folloived by definite altera- 
tions 111 internal structure and external configuration in accordance with mathe- 
matical principles Koch (1917) has made a detailed mathematical analysis of the 
femur Figure 234 indicates how closely the trabeculm of cancellous bone and the 
thickenings of compact bone correspond to lines of mechanical strain Ample 
factors of safety, pro^uding ordinarily unnecessary strength, are supplied in order 
that it will not fail in emergencies 

Xow for the details First the epiphyseal pkiics Figure 235 shows a section of 
the distal end of the femur and the location of figures, 236, 237 and 238 It is 
essential to remember 

(1) lhat the cartilage of the plate intervenes between the endochondral bone 
of the epiphysis. 




Fig 233 —A, upper end of femur of 
five-year child, above wdnch is indicated 
the position which the head and the neck 
ot the bone will occupy at fifteen years 
B, the form wdnch it w'ould have assumed 
had there been no remodelling The arrow' 
indicates the direction of appositional 
grow'th (Keith, Sur Arthur, The En- 
gines of the Human Body, courtes}' of 
Williams and Norgate, London ) 
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(2) That the cartilage cells multiplj’^ and become arranged in columns disposed 
roughly parallel to the direction of growth (consult Dodds, 1930 and Ham, 1931). 

(3) That the growth pressure leads to a flattening of the cells 

(4) That for some reason, not understood, the cartilage cells next the epiphyseal 
bone remain dormant and applied more or less immovably against it (Fig 237), 
whereas those on the other side, near the diaphysis, become hj-pertrophied and the 
intercellular substance between them less dense 

(5) That osteoblasts, accompanied by blood vessels, bore into this degenerating 
cartilage from the diaphysis 

(6) That these osteoblasts excavate tunnels in it and, following their usual 
custom, lay down bony matrix on the cartilaginous sides of the tunnels (Fig. 236). 


Bone marrow of shaft 
Compact bone 


Cancellous bone 


Epiphyseal hne 

Bone marrou of distal 
epiphysis 

Cancellous hone 


Articular cartilage of 
tibia 

Semilunar cartilage 


Fig 23o —Longitudinal section of lov er end of femur of a guinea-pig The location of 
figures 236-238 is indicated (Photomicrograph by Dr Arthur Ham ) 

(7) That by this means more and more cartilage, as it is formed, is replaced b^’ 
spongy, cancellous bone. 

(S) That this cancellous bone, being added by appositional growth to that 
a ready present, causes increase m length of the central part of the bony shaft 
'' n e the bony epiphysis, vhich backs up the e.xpanding epiphyseal plate, moves 
farther and farther away . 

(9) That this extension continues until the cartilage cells stop multiplying, all 
un ergo degeneration and the cancellous bone, vhicli replaces them, unites vith the 
one of the epiphyses \Miere necessary, for mechanical reasons, lay er upon layer 
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cartilapi matrix Httha into the orpatiit inUmlhilnr sulntainr Tlut ciec?jre 

proMiIea n nunns whenliv n pritipilnte niH form in the nttum of U'tic »wi ft"* ” 

tht W<kk 1 stnani or in other normallx uncnlcifiol tissiiri flic ^ 

pure nfaimi pfur'pfiatr f artxinnte lonx on also prr>ent at tlie ite of ti< ^ 

tatinn Jkikx a (-umph x csrlionate and phosphate of rahimn forms Thouc*-*" 

carbonato-apantc 
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The orderliness of normal bone development is impressive Each kind of bone 
grows according to its own schedule wdnch involves a delicately regulated balance 
between bone formation and bone resorption, between simultaneous deposition of 
calcium in some parts and removal of calcium from others Bone possesses an 
inherent capacity for growth and differentiation that is not dependent upon the 
particular tissue environment m ivhich it normally develops Willis (1936) trans- 


Cancellous bone 


Line of invasion by 
osteogenic cells 


Hypertrophied carti 
lage cells 

Cartilage columns 


Dormant cartilage 


Bone of epiphysis 


Marrow of epiphysis 


Fig 237 —Longitudinal section of area maiked in Figure 235 m a normal rat on the left 
Epijiliysis belon and diapliysis above Note passing upv ard (1) marrow of epiphysis, (2) 
bone of epiphysis, (3) narrow layer of dormant flattened cartilage cells lightly stained, (4) 
deeply staining columns of cartilage cells, (5) band of hypertrophied cartilage cells, (6) inva- 
sion of osteogenic cells and capillaries, (7) formation of cancellous bone (Photomicro- 
graph by Dr Arthur Ham ) 

planted cartilaginous limb buds into the biains of young rats These developed 
femurs w ith articular surfaces, cpiphj seal plates and bone marrow'. The remarkable 
Jilateral sj inmetry in ossification, as Pryor (1936) points out, is evidence of equal 

supply of the requiied hormones, \itamins and other substances via the blood 
i>trcam. 

deviations from noimal growth are worthy of close attention Use leads to 
strengthening and disuse to atrophy of bone Achondroplastic dwarfs, as the name 
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sugscsts suffer from hck of moulding of bone in rarlilage, the rartilice «ll, „ tl, 
epiplii sell plates of their long bones go on stnke but periosteal bone ronlinwi to Ir 
laid down on the shaft Conscqiienth the bones of arms and legs herope -V- 

nndthlch Tlieec unfortunates arere the court jesters in ancient times Fienrea 

trape IS eccessn e actn ita of the cartilage cells of tiieplatcs and im aihngm'eolio , 
usualla about puberta causing increase in lengtli (and groaath) of bones farleiiol 
normal Sucli India iduals are called pituitarj giants beeanse at Ii*ast one ef tV 
factors IS pituJtai^ !i\'persccretion 

Tlirce dictate disturbnnccs of the eptph\ “seil plitcs are rcprcscnteil m 
^\licn children recene insufficient cnicium and \itamm D, tllc^ become nrU^" 
and are -ynd to suffer from rickets Tlie cartilage cells of the plates amtmuc 
multijih but replacement b^ extension of endochondral bone from tin n 

inhibited Tlie ^ idth of the plates is increased and on the sides of the Iwe 
ma\ bulge shghtK sothntthc\ canbefeltasrnigsbcttvcentheshaftsamlemboftl? 
boiica 

A itamin C deficienc\ tends to inhibit the oitooblasts and pnxent the foTnstit i 
of bone matrix Ileai ^ dosage nith parathormone nithhoWs the nut i-un ealfiJ"! 
so that connectue tissue 13 formed in place of endochondral hone In the elm a! 
condition of h\-pcrpnratluToidism, the bonj changes are similar but iiioreclmej' 
in nature (osteitis fdiro^a) flie bones arc calcium reservoirs \Miin more fli» 
the usual amount of calcium is needed, as in pregnanev, the hones lose raldja 
become pimfiil and osteomalacia results (G ostrofi, bone + riahlia In 

n npidh growing animal the cartilage cells of the epiphv seal plates nri multiphit» 
acti\el\ Tor thisrca«ou (and perhaps as a consequence of compimtivcavsvtib 
itN)tliev are particuhrlj scnsitn e to roentgen ra\ Strong rndmlKui will 
and bring about premature union of epiplij-seal and diaphvscal bont riiiung arTrl 
of grotttii (Hcgcn and ^\ilkins I93C) Bom changes from lonfh to oM agr 
beautifullv illustntcd bv Ampnno and Bairati (103o) 

CoMqmct bune can be examined un*‘tainei! in pieces imile thin h\ grir^h 
(I ig 219) or in sections but after dccnlcification and staiiieil in the hmiiI sfn\ (ru 
219) \s alrendv mentioned compict Iwne is fonneil in thi ptnn'twl buK 
Hie osteofiKsts on the surface of the band faj dow n ctrcum/rrmlifil hmfllir of U '* 
Some periosteal sesscls run almost parallel with the length of the bom m gruo'C 


LrOEXoIonFio 23S 

I-jQ 218 —Longitudinal rcctions of area marked in figure 215 but frum ^ 

rats I piphj-viion the left and diaphysis on the right Abort irom rat rn fro 
l.% low P hiRhCa and vitamin D deficient diet TIiW inhibits normal 
tiLsgc of opipli}’«cal plate the cartilage erlUlive long tongues wtnwli g 

S)me cartilage however w replaced b> uncalcificd bone which is fccbl} » am 

lower nght hand comer , ^ t 

Middle Similar area from guinea pighcld for two ninths oniMconta ^ ^ 

onishalf nonnal vitamin C requirement Since this vitamin w t.'< 

aclmt> of t»strol>!asts {and odontobla-sta of teeth) the«e cells arc 
di 3 p!i}‘«eal ideof the epipl»>*«cal plate and the formation tif bone • 9 

lltloir siffiiiar area from >oung guinea p«g injectwl fortv-cisht n" I j ^ 1 j 

a large do«e of parslhormonc TljC bonj trabecula? normally 0 

epiphvrea! plate are ab«ent their place being taken bj 5 oung connmi^ 
large darkly elamed osleoclaita, (Photomicrographs b) I>r Arthur } 
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CONNECTnr *54 siTEU 


Thr^ are coscrwl h\ the cireumferentjal hnicllT «iiid con'^imitc little Fr->T4\f 

projections of the o<;tooblastic shett Tlic ^lt^Ilt^ and the mtcpraticn w ». c.' 
rest of the ho(l\ of each projection u* mnintnmcd an nrten , a ncn r a rrtu»- - 
\ein nnd a draining hinphatic Tlic<c projections, with the Ikiik whirh thev f.r** 



I to 23t) — Crovs <oction of ground compact lione of dog dmonMRtms 
nith 6urroiin<Iing limellT X IW (Ihm Cottdf\ s ®i*tcial Cjtoloo Poiil h il* 
Inc ) 
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are designated Haversian susiems. They are easily recognized in decalcified bone 
(Fig. 240) by the centrally placed arten.- and the concentric lamellve laid down one 
after another by layer upon layer of osteoblasts developing intercellular material 
and changing into bone cells. The Haversian sj'stems ordinarily run more or less 
parallel with the long axis of the bone so that, in cross-sections of bone, they are 
cut transversely. As the lumina of the Haversian systems are narrowed by the 
formation of concentric lamelhe. the bone becomes compact. At the same time the 
circumferential lameUm between the Haversian systems become displaced, broken 
up and irregular and are then known as ground lamellae. 

Volkmann's canals are generally of larger lumina. carry vessels destined for the 
Haversian s^'stems, are seldom surrounded by lamellfe. enter the bone almost per- 
pendicular to the surface and are therefore seldom cut transversely in cross-sections. 



Fig 241. — Lacunie and canaliculi of bone of dog Decalcified section, Giemsa stain 
X 1.500 (Ham, Cowdrj-'s Special Cj'tolog}*, Paul B. Hoeber. Inc ) 

Ihe fact that the lumina of these canals are not narrowed, in the same fashion as 
those of the Haversian canals b\ deposition of bone, is n orthy of emphasis. Tlie 
delicate tubes by which blood vessels pass through the epiphyseal plates to supply 
the developing endochondral bone of the epiplnsis are held open until another 
supply is established from the im esting periosteal bone. After this some may still 
remain. Obviously bone is normally formed only where it is needed, not where its 
prcicnce would curtail the blood supply 

Tlie oslfocyics or bone cells, into which tJie osteoblasts transform when thej 
Hirround themselves witli a calcified fibrous matrtx, continue to live. Tliey are 
oi ged m tiny bony ca\ ities called lacuna: (L dim. of Innis a hollow) and they extend 
out delicate protoplasmic processes in boin canaliculi Tliese cells are seen as 
* acK masses rather evenly spaced in concentric lamella’ in figure 2.Jd. They are 
rep.^ented at high magnific.ition in figure 241. 

one IS de\ eloped and maintained In wonderfulK reguIaTc<l and localized 
procc^-'Cs of formation and resorption. As we ha^e seen. 
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(1) Tliat endochondral bono is de\elopcd during prowth on tlic diaoliws* 
«idcs of the cpiph\ «eal phtes 

(2) Tint approncliinp the diaphvsis this Imne l)ocomes rxca\atfd atj<l ra 
lous the trabccul'e being oriented along lines of stress. (I ig 2 tl) 

(3) Tliat m the center of the dinplusis the same Imne j-> completeh nNid<,f 
tomahena\ for the mnrro« ca\ih 

(4) That periosteal bone is dexeloped on the surface and ivithm fnilxT”nl 
Ilaa ersian sa steins 

(5) TImt compact bone of periosteal origin is at the same time rrnio\ol U 
resorption in the diaphx sis particularh at about its center 

In other iNords the organic franienork calcium and other minerals are l<« 
depositwJ in somepliccs synchronous nith their actnt rcmoi al from others 
resorption is as interesting os bonedexelopmont If yye could full^ und(r«tan.loce 
the other y\ ouH soon be made clear Examination of trabecula; of cancelloiH Ic ^ 
bting reabsorbed to make n aj for the marrow cav ity , and the inner surface of dc 
wall of the hoiu shaft of a long bono rexcnls an incomplete single laxir of wr* 
called the endosteum in contrast to the penostnim without Some mix Wo'tov 
blasts capable of forming bone Others are large cells xvhich pass under the heaiL » 
of osfeoefasts (G osteon, bone + Uaslos, Uao 1 break) on the thcorx that ihr\ fu. <• 
tion in the remox al of hone Support is Unt to this idea bx the fact ihit «uh n ir- 
clast occupies a little hollowed out part of bonx wall (a How ships lactms) \ji 
ostcoclist IS called a “giant cell on account of its largesizennd a’pobkxrxiKitf 
because It contains mmx nuclei Tlie nuclei are spherical or ox nlmdmpe and O'! r 
quite intcnsclj x\ ith hematoxx Im Tlie extophsm is acidophilic, wherras that if 
neighboring osteoblasts is basophilic Ilam (lO'lJ) remarks that the wtoxlati 
look ns if thex had contracted m the course of fixation for thex arc scldurn m artui 
contact with the bone or neighboring ctlls Instead thex are siirroiinded h' » 
xacant area across xx Inch a few stramlsof tIuircxtopln«m an extemlpl 
chsts do not take up trx pxn blue {Shipicx and 'Mackhn J'^JO Cappel 
phagoex tose Imne cells ( \rcx 1917) and other niaternls (Ionian 1920 21) * 

Cites experiments and reasons for thinVing tint the ostcoxlosts are 
as foreign Ixxlx gnnt cells dcxelopexlm the xicmiU of Ixme (foreign l' 0 *l\) o' “ ' 
of osteogenic cells Tlic latter art rclatixelx iindiflircntiatex! and 1’^^* 
xicinitx m large numbers V novel idea Ins been adxanceilbx llogsqni'Jx 
who suggests in a splendidly illuslratcil paper that the ostcocla'ts r^n t 
confluence of bone cells freed b\ the alisorption of Ihuk arDiiiid thrro ”’1^ 
(18%'01) and Arex are among the fexx xyhodonotaMribeabsorjiUono 
osteoclasts Hie work of Ilofmcistcr (1910) indicates that an' . . 

active cell in contact wjth bone will liberate CO and cause the ra niim »a ^ 
into Mihition It is very Iikelx therefore tliatwhiUthciHteocla'tsaret'o > ^ 

callx conceninl in born, ri-.oriition thex do.with the other nils that ms' 

aidmtht pmees-. The miclmmsm of removal of the orginic rnatnx i 

sufllcirntlx studied Mai rophages max litfp to do «o , 

Moving aw ax from the surface into the substance of the f ^ ^ 

stages in tin dixdoprntnt of blooil nils are tneounlrrisl w ir i i 

tionnl (p jOj In addition thin on virgalnryf^ytes whici arcs’ 

Inrgi muhi mid tliirifori taviK mxigtnznl m H *''1 

In the Am/inj ijfrartiirei then is first a bemof^bsge from to lie I'* 

into the fracturi area 'nime of the lis ties including the x>nea 
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of fracture, die. The dead tissue and extravasated blood incite an inflammatory 
reaction which soon passes into the phase of repair. Forty-eight hours after the 
injury, mitotic figures are evident m the inner layer of the periosteum near the 
break. This layer of cells steadily proliferates for days and even weeks and so 
lifts the outer, fibrous layer of the periosteum away from the shaft (Fig. 242, F). 
This results in the formation of fusiform enlargements about each fragment near 
the line of fracture, which swell, flow over the break, meet and fuse Continuity 
between the periosteum of two fragments is established. 

While the majority of the cells of the inner periosteum are multiplying some 
differentiate into bone (iY B.) and others into cartilage (C). The cells of the endos- 
teum, within, also proliferate and form cartilage and bone After the two frag- 
ments have been thus united a process of remodelling is instituted This is con- 
cerned with the replacement of the cartilage by bone in a manner identical with 
that observed in the development and growth of bone, and with a gradual resorption 
of the trabeculm more distantly located from the shaft and a reinforcement of those 
situated close to the shaft. Eventually all the dead bone at the site of fiacture is 
resorbed and the original line of the shaft is almost perfectly restored by new bone 



Fig 242 —Healing fracture of rabbit’s rib, fi\e days’ duiation L B luing bone, D B. 
dead bone, N B new bone, C. cartilage, G T gianuiation tissue, and F fibrous layer of 
periosteum (Photomicrograph by Dr Arthur Ham ) 

Occasionally fractures do not heal propeily and the fragments become joined 
together by nothing but fibrous connectu e tissue .\ftei certain measures taken to 
produce bony union have failed, and m certain other cases where a considerable 
amount of regeneration is desired, iransplanis oi grafts of ii\ mg bone are sometimes 
^■mploj ed Y hat happens in these transplants and whether they can be considered 
as true grafts is contro\ crsial But when pieces of bone are sawn out of a shaft 
and then replaced in the same location which they formerly occupied and are ex- 
amined at intervals the following changes are obser\ed: 



COMiECrnESiSTEM 


2^S 


1 A dc\ elopm;^ degeneration and necm>b of mam o! the «du’c K -y 

cella of the transplant 

2 The osteoblasts of the ponostcum and endosteum of the tran^pUrt c'?- 
!u e, and proliferate and form new bone 

3 Tho«e of the host also proliferate much ns the\ do m repair of a frad - 
and gne ri'm to a great deal of new bone which unites cither with the rea 
formed from the transplant or with the original bone of which it wns nMipvy,J 
wliether it is dead or In ing 

Tlius at Iea«t a portion of n transphiiit inserted under fa\onMt rvmlit* < 
into the tissues of the same animal or person from which it wasohtainol niJ\ 
as a graft E\en if the transplant were de id and uinhle to act in thiswai imni'l 
still be useful as a bridge between the two piect?s of Iwiie nnd ns a stimulus 
genesis Hut calcium phosphate nnd carbonate do not of thenmKes stimib? 
osteogenesis when implanteel m a l>one defect (Ke\ 10 ? 4 ) 


lia 2tl 
winch has ()ecn 
host /’ 
llani ) 



Tran j)Iant of eortiral bone complele with pcnwleiim n Urr ^ 

s ()ecn m phcc in defect in doRS radius for two wceVi T tran j .^i ^ 

{lono teal new Ifono E endosteal new lione (J'liolomiert'sra} ' 


H^urt 21 1 I a pluitugrapli of a simple traiisploiit whic i was s ^ 

radius of a do^ and mimiafntth put bjch in pH^ nflrr * f[*- , , j-, j f*** 

complcteU ih tm heil fnim all tissue connection and I k>o<1 supl ' ^ 

two weeks Ufort It was ri*co\ercd and scctionid It »■' Bp5«wi 
blasts of the graft has e grown and formed a knob of ti- sue ( J af* r»* ^ 

IS finniv uniteil to n great deal of new bone which fornies in i 
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from the endosteum of the host and possibly from the endosteum of the graft 
Much of the bone of the transplant remains alive, other parts of it are dead and the 
dead parts are being dissolved away and replaced (on the right) by new bone 

We have dealt chiefly with long bones preformed in cartilage because they are 
more easily described Irregularly shaped bones, like the scapula and the vertebr®, 
are essentially similar The bones of the vault of the skull are, on the contrary, 
called membrane bones because ossification takes place in a membrane, or sheet of 
mesenchyme, and not by invasion and replacement of cartilage by osteoblasts. 
Membrane bone formation is illustrated in figure 244 As we have emphasized, a 
fibrous organic matrix is elaborated which becomes stiffened by mineralization. 
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Fig 244 — Membrane bone formation Skull of opossum. 


hlesenchjTne cells, fibroblasts of the periosteum and osteoblasts (or osteogenic 
cells), vherever they may be situated, are of the same lineage and not sharply 
defined cell tj-pes They are capable of many changes including transformation 
into cartilage cells and osteocytes WTierever primitive mesenchyme persists (and 
it IS difficult or impossible to clearly identify as such), or fibroblasts occur, bone 
can form if conditions are favorable For example, bone, even equipped with bone 
marrow, has been observed to develop in the walls of the aorta and m many other 
places. The phenomenon is designated mctai^Iasiic ossification (G. mctairlasis, 
transformation), for the tissues undergo a bony transformation in locations where 
bone IS not needed and where they ordinarily do not do so 

Iinaliy, it is interesting to contrast the hard tissues of the body: 

Articulations.— Joints aie divided into two great groups synarthroses (G. syn, 
btgethcr + arthrosis, articulation) in which the bones are united bv ligaments, and 
lartliroses m which they are ‘separated by fluid. The parieto-occipital suture is an 
cvirnplc of the first and the shoulder joint one of the second Further classification 
•1 sanctic.s is the task of the gross anatomists AVc are here primarily concerned 
"It 1 the histological details of a diarthrodi.il joint. 
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ARTlCULAiiu..^ 
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SSJrne 'S areolar, fibrous or ad, pose ^ ^ 
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C More tnflammahon synovial mem- 

F,g 240 -Stars ''Xt'oLT'cli™ ;S’“k“sf5dly 

inflamed Ms increased ■“ ""“ta t e P” J “”'Stl,eton,en 

cpitliclium-like layer wt i „ Ayi-face i' uneven, some cel s ^ ^ 

the surface C. More f om &ng. courtesy of Jour Path 

.„do,„ersaretancle..ed (Redrar _ 

menls, and is not bordered ,nte.na 11 ybyj^_PP“_; ^ „ jo.nt^u. raP^^; 
serous ear ittes Instead, ^ *0 P” ' ‘ j ^fitmoblasts) firnrb to 

(onstituted of conncctirc tissue 0 ,-3 and nerves (Gardner, • - , 

and supplied rr itl, blood vessels, W “‘f ' " „l„p,„entallr , tlie joint ear ,t; 
iiig el, tinges oeeur n. mlla,nn,.rt,on (big ->P) 
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IS 1 vpact in the priinitue mescncbMiii. tint !i is foniuxl 1101111 x 11 Ikiiu-* Rhrrrfm*. 
clom of movement has b\ millions of \pirs of evolution Ixronie hem/itanji mi» 
lished It IS vvalleil m nt the ‘^idesbv 1 contlen^sation of inc^incliviiu 

Synoaal fluid is n thin phirv liquid like the white of an cfrc It is almnM jctJ. 
luhr Copgcshall arren and Bauer (IWO) onlv found an av enpi of n .1 rvIN jrr 
cmra in aspirated sv nov ual fluids from 29 nonnal hum in kna joints Oi ihfv 1 
per cent were listed b\ themasinoiionuclcarphapocvtcs 21 Opcrcxntlvnip’Kxntr’ 
0 5 per cent poKmorphonucleirleucocvtes 4 3 per cent sviiovnl etll< ami ’Jjy 
cent unidentified cells Ke\ (192a) iioteil that after <I itli tin fkul u qmU'. 
invaded In ieucocvles so that the total count inerri»« m ^it hours to mrr Vi 
per emm Besoriition of smdl molecules is ehiiflv In hhxKl lunlli at all I 
Ivmphatics 

Anv concept of the structure of diartlutxliil joints Im«ih 1 iiinin the hll'^f^! 
examination of a few sections la bound to be madoqiiiti bliidmts tlunfirriT 
advised carefulh to examine the excellent sines of phtes pmvidcvl m Ihn.rtt 
^^alne and Hauers (1042) monograph on 'CInngcs in tin Knce-joint at lars-i* 
Arcs ’ InthisgrossandinicroscopicfindinRsarecornlitwl NoUttirillu tnii>3 
can be given of the itnictun} adjustments to long continucfl hut intrmpfr} 
mechanical stresses and strains ^\onderful u e is m ido hv Nature of mm Iiiiu 
materials In mice at anv rate there is evidence of iliffirvntes in Irmliun 
endowment (Silherhergs 1941) 

SUMMARY 

riic svstem of connective tissiiis of iiic^onclivinatous orjpm ]iri«ints rnun l-al 
specializations than anv other m the l>odv This h pnihahiv Ikx-iu c it om t« d 
three chfTcfcnt components tis 2 >tic fluid fllnfs and cills Thi fM « nhtivri* 
large m volume and not being directiv swept onwnnl hv the IiIoik! has n rhamr to 
develop peculiar modifications eonditionoel bv loi il uivironnients To l*an-h c 
line the functions scnctl requires long and careful thought and since I'lill *> n 
shaped bv experience no two pcopit will emphasize cxactiv tin s.imc allri 
But sonit functions leap to the eve ns forcxamplc mtegrationbv thenut-ar 
association of parts and converse^ these/firation and signgilion of artivi ^ 
the construction of capsules and mimbrvnes so that the environment lorn* w 
he undisturbed and adiptcxl toitsiicerls 'Mcchanu al dev ices provuluig ■ 

tensile strength and elasticitv are constructeil larpdv of iinmuntc inateru * ^ ^ 
Ls fairlv durible I rcodom of iiiovcinent is pnn idml bv the formatum 1 1 ' 
surfaces nnd special lubncants I>oose connective tissue nt hand 0 u’"' 
vvlure plavH an important pirt m difen'^i of the l>o<I\ ngvuisl in rction^ k 

healing and in storage of water •mU and gluco'^ I’otintnl ^ 

udipo«e tissue Calcium with phosplionis and other imnirab 
proportions accumulate m iKincswhitli partiv reliririuisli them mo ‘ 

IS a ramarknble and massive shift of tmneniN to the walls of 

makmg the v essils e isilv v isiblc on r rav examination Ilccau'* ^ 

tains so manv non living components nietalxiht nxjHirtments are ^ i^} 

of more ctllular tivsiies \mf»ng these components o<i)liirem‘ 
ilasticfilKTsarcof great iiiifHirtaner TInirqinht' fomiatinnan' f{ 

as vet little known C onneitivc tissue cells inhabit ti ue « ^ 

grt“»t diversitv an<l ndja't tlumsehes without npparml <i 
mitotics among them mav iKxx^me malignant and throw nfl i-omn 



CHAPTER XYII 


MUSCULAR, SYSTEM 

Muscuiar moA'ement, the most evident sign of life, has received close attention. 
Over 2000 years ago Aristotle described the process of flexion and its role in locomo- 
tion in terms tliat are acceptable today But why the shortening of certain tissues, 
easily seen and felt beneath tlie skin, came to be called mnscidar contraction is not 
clear Derivation of the term from mvscuhis, Latin diminutive of the word, tmis, a 
mouse, IS considered probable by Fulton (1926) To liken the rippling muscles, even 
of an athlete, to movements of little subcutaneous mice must, however, have 
required a lively imagination. 

A discussion of skeletal muscle naturally follows an account of bones and joints 
We have met with muscles that are unconsciously regulated m several parts of the 
body and the movements of cilia, of individual cells and even of materials within 
cells, have been briefly described Motility is not onlj' a fundamental attribute of 
all living things, but also, in the physical world, motion of some sort is universal 
In this chapter the four tj^pes of muscle are described together, for much is to be 
gamed by contrasting their distinctive form and function 

To examine muscle in section is not sufficient The popular techniques of ntal and 
supraxntal staining aie not of much help The constituent cells are tightly bound together 
and difficult to separate for study in physiological salme solution at high inagmfication. 
It is necessaiy to resoit to the almost forgotten art of maceration by vhich the connections 
between the muscle cells are dissolved For this purpose place small pieces of the wall of the 
uterus (or stomach), a limb muscle and heart muscle in 10 per cent hydrochloiic acid in 
physiological saline foi one to tw'o days Pour off the solution, wash gently in water and 
trj to separate the muscle cells. 

Smooth Muscle.— In some respects this muscle is the most primitive It is 
called non-striped, plain or involuntary , because it does not have the cross-striations 
found m skeletal muscles which are under voluntary control 

The structural units of smooth muscle are long, spindle-shaped cells each of 
Miich possesses a single rather pointed nucleus at about its middle where its girth 
IS greatest The cjdoplasm, in fixed and stained preparations, shows a faint longi- 
tudinal stnation attributable to intiacellular fibrils— the myofibrils. 

Full IS not exerted at the fine ends of tlie cells, but at tlie sides, which are closely 
>ound together by reticular fibers so that muscular strands and sheets are formed 
«iade up of many cells These are not inserted by tendons into bones, but are built 
into the walls of blood vessels and holloxv viscera. The circular and longitudinal 
ajCTft, in which they are commonly arranged, are apt to have a spiral tilt 

‘-inooth muscle is generally innervated by both sympathetic and parasyinpa- 
wtic fibeis. The nerve endings are simpler and less complicated than those in 
^ cctal muscle Vasoconstriction and vasodilation already have been described 
P 64) All <5mootli muscles hold a certain degree of contraction, called tonus, for a 
“lie tune and in an untiring way. Movements are involuntary, often rhythmic 
<^utraction bunds are areas of shortening, which extend somewhat irregularly 
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ncros<v HJU'cles mitje up of inm% fillers »ml uhteJ, ^tuti more ^tronplv tbni’r 
uncontmeted p-xrts Vb seen in the inner cireuhr nml outer lonffiiudinal mitclei/ 
the colon the^ ire illustr-itwl m figure IM (p 173) IV mirJcinls> appear fK- 
more deeph colored m thc-<e hinds In the mils of smill irtinos the nudes art 
often foldetl ind twisted in consequence of contnction of the imeslinc cMppU 
Detiils are described and well iHustnted h\ Iloskin (I0]t(>) Ulord mppU ^ 
me iger compared with that of skclctil miisde 
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ratlier neglected in favor of ***“1^“®* ntrf th Jctange 

Gardner, 1939). , ll^'pert^op)^^ o 

The Macklms (19-4-) ,, chicles, whicb produces 

smoothmuscleinthers'allsorn^^^^^^^^^^ , eon- 

such distressing syinptom symptoms do not 

stnction of the lumma bmce ^ ^ ^et 

iend to become les^ in older than m 

expect the h>-pertrophy to be an> 

youner persons disastrous lii-pertrophy o 

But more serious is the hMiertensives 

smooth muscle in die ^ direct action on 

Here the change v ^ ee producing vasospasm 

the cells of a ^P^^ssor Xrm P ^ 

(Iveyser and Keeton, 1941) and tue 

ency is more convincing. , ^ ^ed comparison of the 

^luch may be gained b> a d ^X^^ny ques- 

factors operating rn nstance. arc the chemicai 

trons leap o mind „„scte rn 

and structural ditterence permanent’ 1- 

which the hj-pertrophy IS transi _^^^,^^J arteriolar 

cell division involved m le g^^a^ficant differences 
hj-pertrophies’ What are localized ones m 

between these ir.Tertrophms ^anj^ the^ 1 

smooth muscle tumors I _ show in the old 

the permanently lij-peitrop im ^ ol 

age the atrophy so charactenst.c, as n 

striated mnsdc? , , , ) ^ could find no 

Haggqvist (1931) has reported *at >i 

observations in the Bt™‘Trs IL Todd 

muscle and that his o"'" ,v tiiat""!! is certain 

eoneludcd in 1939 (see lodd, « ^ it 3 v„„thtnl __ 

that smooth muscle ^ ^ there is some _^ppleton Centura t 

character even in advanced age ^ ^ 

reason to think that smoot 1 muse roll hj ’ . p 1942). 

losing the fine edge of its tonus as decline 

and that this is partly secondary _ to a t ^gj-m than ‘ Xhe 

Skeletal Muscle.— “Skeletal i» • , muscles as the m 

c.irdiac muscle is also striated. It a P ‘ ^^^^g ^re inserted m the s 

skeleton But this is not their sole functio “voluntary ^ 

others serxe as voluntarx sphinc era , (1927) muscles of 

satisfactory. As insisted by Schicflerdeeker (19-^ llO of them 

measure of indniduahty in structural pattc 
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recall the individuality among arteries not only m structure but in responses to 
unfavorable conditions 

The structural unit is the fiber, really a large multinucleated cell of a length 
measurable in cms and of girth grading almost up to naked eye visibility (say 
100 m) These fibers are the largest cells in the body and they have a very tough cell 
membrane, known as the sarcolemma When thej^ are torn this membrane may 
stand out apart from the cell contents as a homogeneous looking, elastic sheet of 
appreciable thickness ^Evidently the plasma membrane, that limits the cytoplasm 
of all cells, is here greatly reinforced The sarcolemma is not, like the neurilemma, 
a membrane produced by the flattening of special cells applied to the surface of the 
fiber Skeletal muscle fibers are bound together by connective tissue to form 
primary, secondary and even tertiary bundles 

The most outstanding features of skeletal muscle, easily seen m stained sections, 
are the peripherally placed nuclei and the cross-striations The foimer are illus- 
trated m both longitudinal and transverse sections of tongue muscles in figure 111 
(p 151) The latter are well shown in figure 248 



Fig 249 —Photomicrograph of mcmerated longitudinal section of rectus abdominis 
muscle of cat Cross-striations are marked by large mineral residue of Q discs which appears 
white when ^iewed m the dark field X 3150 (Photomicrograph bj^ Gordon H Scott ) 

fihe dark bands are stained more darkly m most preparations than the light 
ones ihey are doubly refractile, birefringent oi anisotropic (G anus'os unequal + 
iropos a turning), for when vieved in polarized light (with crossed nicols), they turn 
lie rays of liglit and slime brightly white, whereas the light bands, being isotropic, 
remain iniisible Both bands are to be regarded as segmental differentiations, or 
( isc>, in iniofibrils tliat are closely packed side by side in the fiber in such a waj 
lat the dark bands and light bands are abreast of those in neighboring fibers 
ertain transv erse lines can also be made out, which, like the disca, have been called 
inan\ names so that the terminology is confusing and complicated Suffice it to 
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M\ th It the (lirk hiiuls nn'«|Wtrulc rs I ind Q (h t-s. uid tin hcht nm a^ / 
nnd J di^o 

Studies on the muscle protein ^l^osln Ime been stimniimpd In PiryTi 
(1942) In the dirk binds necdle*iikc molecules of this matennl nrc IkIipi nl to It 
oriented pirallel to the length of the fiber ind to condition their birtfnnsrmcr 
in the light bands thei ire disposed at nndom That the mincnl content of t'-p 
tivo bands is different cm be seen b\ mieromcinention (Scott 1932) anti In 
1 •'pecial electron microscope (Scott and Picker, 1939) Fmplomicnt of 'win.lan 
imgniffcition up to 23 000 IS described bi Hiclnrdsf^o/ (19(2) 

The nlterniting dark and light binds are so conspicuous tint it is not ^urpn i - 
tint manj attempts hi\c been nude to cxphin their genesis Cnrei (in:>ii) xid 
the opinion that the cross-striitions are to be coiisideretl ns hidraulit. prMnrr 
«a\cs radntetl from the motor ner\e ending and from liquid moiwules or msitih 
which liii e been aligned bj the tension or stretching of tliffcrcntial growth 
theor\ IS difficult to pro\e particularK when one tries to imderstind opcntiont' 
tlie h\-pothetical pressure wi\es in strnteil inuscit tumors as pnxluctne of stru 
tions about ccntnl foci like those illustrated h\ 1 wing (1910) lint the 
striitions once formed can change his been iliscoicrcd In Cum nnd R*.<oititP« 
(I942o) m his stud^ of the influence of incrcise m tempenlurc on ihtir lurniWr arsl 
pattern m single h' mg ner\ c fibers 

Ihe htghh Mscid consistenci of muscle substnnee was first dinionstratcil In 
Kite (1913) in his pioneer microdisscctions of Inmg >nu«clc cells nn(llias«iwtl«ii 
confirmed In de IlenN i and Iloguc (1934) 

^^“hen the fibers are micented in dilute acid nnd tea«ed ip.irt the clpl«ff 
individual iinofibrils which are cross-striated can be ilntingui hnl flnt ffee 
exist j« ciro cm be inferred from Hogue s (1937) obscrv ition of di tincl mvoft rji' 
w ith cross-stnations m bundles and singh m In mg contneting c-inliac niuvlr cri « 
which arc thinner nnd more easilj examined at high nin^nificntion than the 'a" 
ilarh stnatcxl skeletal muscle fibers . 

\ctinl Stages m the development of cross-stnations have hevn w 

living tadpoles bv Speidel (193S) whose illustntioiis should l>e cxainiiiw ti 

remarkihle at what speed the nuclei divide cross strntions appear am! t enw ' 

take up a peripheral position But in cardiac muscle cells (Go < 1^10) »ft pr^ 

sumiblv in «ikiletal ones invofibrils and cross-striitions nrc not dc'iloi'” un 

few hours after contractile actmtv is well established Goss has 
opinion that the^e cv tological differentiations are less a«'«ociatefl wit i ^ 
than w ith a h irncssing of contractile force in order to exert niechanica pu ^ 

; i 1\ nod'’' 

Not all of the suh'itance of skeletal muscle fiben is made up o J" ^ ^ jj 
mvofibrils and nuclei There is also present some loss tu 

the poles of the nuclei and to a less extent between the mvofihri « 
mitochondria are alwavs to be found in U with variable nmoim > u 
hpoid pigment muscle hemoglobin and other substances ^ 

mu«cle IS ^mctimes divided into red and white vanefies ns in le ' ’ 
meat of chickens Tlic former ore made up of fibers of «m3 h ,trn 

nuclei granular tvtoplasm and muscle licmoglobm and are os < i 
and less su^nptible to fatigue One would *0 I>ect that 1 

have a larger bl(Mxl Kupplv hut tbev art reportwl (''toel 1^- '* ® 
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man, striated muscle is usually regarded as a mixture of both t.^•pes, the soleus 
being more red than the gastrocnemius (see Fulton’s 1926 discussion). 

The phenomena of muscular contraction are properly left to the physiologists 
It IS sufficient to remember that there is a reversal of striation. The dark band that 
stains deeply in the relaxed state takes the stain less intensely and vice versa In- 
fluence of tetanizing on the bands has been studied by hleneelj- (1939) and is 
illustrated in figure 250 SpeideTs (1939) fine description of microscopic changes in 
contracting single fibers provides many details 



liG 250 —Striated muscle of gastrocnemius of frog fixed m cold Bourn’s fluid vhile tetaniz- 
mg H and E X 600 (From Meneeh', courtesj’ of Anat Rec ) 


Nerve endings are numerous and of two mam t\T)es with minor variations 
'' onspicuous among the sensory ones are the muscle spindles These are compli- 
cated structures consisting of one (Fig 251) or more small muscle fibers, closelv 
associated motor fibers, sensory fibers frequently vu-apped as spirals about them, 
plus the necessary blood vessels, the whole encased in a connective tissue capsule 

■11 Its on n Many photomicrographs of sections of muscle spindles are given bv 
I ower (1932 ) 

The motor fibers lose their myehn sheathes and spread out in arborizations 
(motor-end plates) closely applied to the sarcolemma Some are shown m figure 
- Carey (19425) has been active in their investigation and has demonstrated 
c langes m shape in different conditions 

lood supply is rich and amounts to 1400 to 4000 capillaries per cubic mm 
much less than that in cardiac muscle (Ivrogh, 1932). It is 
po'^i 3)e that not all are conducting at one time so that here also the usual pliysio- 
ogica reserve is present The plugging of a single arterial twig seldom brings about 
lecrosis as in those tissues supplied by end-arteries 

ah< silence about the lymphatics of striated muscle for their 

'IS be as important in a constructive effort to understand the situation 

leir procncc Drinker and Yoftcy (1941) cite a single author, who claims to 
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mu^lo, -.n,! further tint Iho „„rn.hr Mntnctions «quTOe fl ” U ' 

flu,dl ,nto ,l.o.„ for rc.„„e,I TI.c,eU dncIop„l l™pl f 

T lnu«rlc B m dnrp contnrt nmi <uKn'i . 

I ►s f difference m the fluid ejuiroiimcnt of 

two tv-pes of miiicle 

^^ecnn picture tiurefore of»lrK 
Idmu^fe ns made up of nnn\ larj^ rlv 
ntetf multinuclear cells oontainiii), !„ i,K 
M^cid contnctile imtcrnl tncK^nl n rr- 
inirUhU stout cell incmhniiis n.l| mm 
'ated and sssculinztsl but ntlur lickirj n 
iMnphatics These tells once d.idoji^} 
must serse n lonptjint l>ocnu«c new ores st 
not ortlimnh fonmsl to take tlit plji-r tf 
tliost whicli near out iltIiou;:h whtti injut^l 
tbemiclcuim inultiph with the pnductu s 
of new contnetik imtirnl (n^rneratwip' 
within the limits of tht cill incniltnne II« 
c\<r, after some injuries tlic ilevilopment rf 
new flher^has licen nportctl (I nrhiis I'V’O) 
Skeletal muscle cells nri \er\ ri’-jior nr 
to alterations iii their lump eumlitioai srsl 
must lia\e inccntise to work and materuk 
AMicn the ncia c siipph is intcrruptnl «krlrtj! 
muscle cells s ers promptk hecotne diprexol 
There is o decrease in size (atrophs) in wI'kIi 
cs en the txills w ithm the mti-cle spindles b'r 
(Tower 1012) The factors operalinparrrf 
j I 1 preat importance in connection with piral'Tist 

^ *1 I muscles in Mctims of polionnchtM 
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I muscles in Mctims of polionnchtis 1 -tjv 
I mental studies In limes (IfVti) on wtj hn 
to hpht a prompt decrcssc m wcipht strer*' 


T r, , , tohehtaprompt decrcssc m wciplit strer^i*! 

-pimllc m IhlZumZ "•'Uino content of .nilMir »trrr dnnrrt 


-rindlc tl,c,„,orc„rt.l " 7 "J"". 

fthedpelioc Mcthjlcne blue pn-jv I(eco\rrA qtuckh fnif.iws mn^er^» 

aratifin (Hockc in Penfield s Ncuro! hut this is rctardnl Ijn immnfiiliMf* " 

oRj Psul B Iloclwr Inc) of the muscles— a kind of treatiiiffil «k- 

is consequenth of dnuhtful s'aUie On if-^ 
innersation there is nisi a fmpid all in pheopen content (Ijirrre ft al 
’l^ork on tins problem is so mtcnsise that other chanpes will proljabU wa ^ 
demonstratis! 

On tht mitenal •■ido there ha\c Iieen at least two unevpetted 
\ndroprnic lionnonc brnips nbout nti hsT)ertroph\ of skektil niu«k fli^l • 
impro\tmcnt in work ]K*rfonriance Hus is discus e«l h\ To*hl and fr^r 
Cowiks l‘M2) \ itaniin I dtflcienca cau es in animals, and profiaf'/i n 

severe injurv to 'keletnl mimcle which smooth muvle npparentls r<wj>es 

heimer 10J2 HMt) Otlurchcniicalnee«!sofskektilmuvlearrf>fn>ir'ff'">'' ^ 
Someope<hinpesmt}iccellsha\ebcenworkctlniithi«tokpralh h 
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and I um (1034) Tlie number dccnn«« but 'size incrra'cv alvn vnim ech 
muscular 'ind the amount of eh^tie U\-uc J )2) 

fx»wT% and Ih<=tinp:s (l'VI2) Imt m »de i histochenucil .t«d\ of ajffratir ^ ^ 
nt s skeletal muscle ^vith ape In the entire interval of from thirti toonef^rtea 'f 
and ten da\b~tlie equivalent of the span between three and one huiwlml mv»d 
man— there wa^ Itttle cinnpc m the mter content e\eept for a dicht n^e la iV 
oldest proup In^tcid of the ilebvdnljon ehnneiJ in extreme aje {?ies»* 
think that there is i hvdmtion which mn\ he occasional b\ an exlnctlluhroVa 
consequent upon ntropin or loss of cells or pcrlnps> result from cardiac o rr-i’ 
liv-pofunction Actual evidence for change in compo jtmn of the cvtfip!j<m daf 
reimms functiomllv active tn \cr\ old mdividinh is in tlicir opinion MillhcKi 
Jtviou/d however ht unw)«^*tolctMpiii thesenreh forsuchelnopes 



Cardiac Muscle — \s 'ilrt'idv pointed out (p Tli) the heirt - 

\e^ el which Ins become a pump riie deimnd for more t irv 
material than vnscuhr smooth muscle Ins Ikti met fiv 
strntions almost cvactU the Mine ns those in ®ke!t tal inunle ^ 

of tl e dog s hhdder wlun ripeitedlv distendnl with f ^ f-- 

l>ecr)me ero s-stnatwl has apparentlv lieen pn»v i'*! hv ran-v ( - ^ ^ i 

unqueslionahlx shows stmlwl musclt nltliouph this chmge it-j* 

ftv other workirs The sigjnfieanee of the fact that in rsn we f 

contraetlle material is nrcumulateil about eentralU p aces 
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vntcn^^eU In fipirc 2->‘^ 1 the\ nppnr ns Ijplit Inrul^ ‘>tretcluns im ulifEV 

st nplit nnplcs One la shown nlio^e niul tno below the point of Imrclii'- h 
looks as tf m tbcir formation one row of d irk bawU is snppres.-Htl ‘Nniclirf<pf 
interealnteil disc does not extend all thenn\ acmss the fiber at om It\cl liitp 
a little wa\ stops nbnipth and continues one or more segments higher ’ 
mas be repeated so tint the disc assumes a stcji-hkt appeannee Hierr at t«, 
reasons for supposinp that the discs mark the ends of celI^ T he first is tint at thi 
point thert is often (hut In no me ins u!n ass) a conspicuous clniipe m tliodtTrrtd 
relaxation or contraction of the fiber 1 he second is th it m the patholopcal n 



^ »r It’' * ^ 

Pio 2 1 > — Piirkinjo cells of slierp d fhows part of intemlatci! iIi'C 

li traa ition between a large I^rkinje cell and n rmaller eonliac mu 

ilition of mioeardial sppnicntation the fit«rs break up mto ^ 

at the discs ''aphir iiid Karsner (l*>21-24) haai shown b' ingenu'in 
that ‘sepmentation ilcjiends upon two factors thi condiUon “ , 
di cs ivnd the tension iiiwin the fdH.rsdunnpdiIitptioii Tin if I’ 
should lie coimiltial .,ml-rff d'r>« 

Canliac mu ( li calls must lie soraieed so th il a siifficieu 
function a lonp time lo this end the\ base n richer h ooc Tiff 

niu«oIe and dramape of tissue fluid is supplimentcal be /• j |,\ « 

hiM no netal of imiscic spindles but ninnus repiilati'm " 
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conduction system made up of modified muscle the arrangement of which has been 
discussed (p *80). In fact muscle e.xists in the heart in many forms as illustrated in 
figure 254. The myocardium is a privileged tissue possessed of many inherent 
protective mechanisms (p. 81). Age changes show themselves in several ways 
including a thinning of the cells and an accumulation in them of lipofuscm (the wear 
and tear figment) in the condition spoken of as brown atrophy. It is questionable 
whether the cells ever divide and produce new ones, though this has been described 
(Warthin, 1924) 

Purkinie Muscle. —These cells deserve special mention in our comparison of 
contractile cells Like the cardiac muscle cells they are elongated bodies with blunt 
ends separated each from the other by intercalated discs The best place to find 
them in sections is just beneath the endocardium Purkinje cells are larger than 
cardiac muscle cells with which they may be continuous (Fig. 255). Their pattern 
of architecture is the same with central nuclei and peripherally placed striated 
myofibrils but the proportions of the components are different The nucleocAffo- 
plasmic ratio is less and there is relatively much more non-contractile undiffer- 
entiated c\i;oplasm The functional interpretation of these strange cells is one of 
the unsolved problems. It is said that they can increase in number by longitudinal 
fission (Todd, 1932). 

SUMMARY 

All muscles are of mesodermal origin with the single exception of the iris muscles 
which are ectodermal All muscle cells serve by contraction They learn to do 
this in the various tissue fluids in which they grow up. The service rendered is 
adjusted to local needs for instance in the muscular tissue of the intestine, in the 
biceps muscle, in the myocardium and the Purkinje fibers Since these are of four 
principal kinds we find four t%-pes of muscles easih' recognizable by their structure 
In no other system is the opportunity to relate form and function more enticing. 
This IS because contraction is a function fairly easily measured quantitatively and 
qualitatively. There are already numerous structural details to be associated 
dicrewitli, and tlie way is rapidly being prepared for tlie inclusion of traits far 
be\ ond the limits of microscopic vision such as the character and the arrangement 
of molecules Not only are structure and function to be contrasted but also the 
responsiveness of cells of the four tx-pes to alterations favorable and unfavorable in 
their tissue fluid environments For proper performance they must maintain a 
fairlj e\en keel. Atrophy, lij-pertrophy, receneration and tumor formation are 
among the most ob\ lous of these responses in which marked difterences present 
themselves for correlation As the years fly by some muscle cells fall b;\- the way- 
side and others age The muscular s% ^{em is e\ er but a part of the whole orga nism 
and it may fail partly in consequence of what is happening in other parts of the 
bod\ c.'.pecialh m the ner\ ons sy.stcm where the number of cells capable of activat- 
ing muscle decreases 
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fins consists of pnncipil ‘wd acces«»n parts TJtc first nre the •■pem *rjJ 
honnone producers tVie twtes nnd the second compri'e the exwJnn «) rt* 
through which the sperms ore discharged ftnd the phnds (scmunhcMcles pn^tatf 
and hulbourethnl) which supph the necessarv fluid medium I nievs nuihrU 
familiarize themseUes with the gross anatom\ of this SN^tem the tolloningamnj t 
wiU be difTicuU to understand In itpartifiilinttcntion is not gnen to ilieintniiv 
details of spermatogenesis which once related ate soon fotgoltcn h,it mhtr to 
easi!\ observable structural features indtlicir significance 
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Tesfu Arclntecture -On mg <o its sire the tc^tn ii '^Idwui virnul m 
transver«o or fongitmhrnl -eclions Often hut small pieces are 
cramimtion whuh rf<iu:rc to licnntnted in ttmis of the wlioh orgm n* 
(hedtagrani prpnditeil m figureSw mil fiehelpful nt>*le» 

bsu ilK a litth nf the mpsuK is includeil in the «t'ction Tiih h ^^0*^ 
thick m\eslmcj)t n> t/h up tliufK of white (or coll igtnic) connective i* ^ 
irifh fen l>|oo<l \«-^ lU nhich m the living rondifion i< ’alnfc leriee 

tunica nlhiiginpa (/ whuc) Its external surf ict ic 

(310) 
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with a thin visceral layer of slippeiy mesotheluim (seldom found in sections) to 
permit freedom of movement against the opposed parietal layer of mesothelium 
The anterior border and lateral surfaces of tbe organ, as well as both extremities, 
are enclosed in a serous cavity comparable to the peritoneal sac. 

The substance of the testis consists of y^cularized, loose connective tissue, 
plus interstitial cells (p 324), and many tubules rvhich in sections are cut at almost 
all angles and seem to be without orderly arrangement In the diagram, the local- 
ization of these tubules m 9 lobules is indicated The lobules are in reality much 
more numerous and closely pressed together They have thin investments of con- 
nective tissue, converge to the posterior part of the testis, and are most evident in 
transverse sections parallel to their length at tlieir tapering bases where the tubules 
straighten out (vasa rectse) Figure 258 illustrates this transition and a clip 



Fig. 257.— Vertical section of the testis, to shou the anangeinent of the ducts. (Gray’s 

Anatomy ) 

through the connectiv e tissue boundary of a lobule In the most posterior jiart of 
the testis, ob\ iousl\ not immediately under the capsule, the straight tubules merge 
and form a network (rete testis. Fig. 259), Here theie is no mesothclial imest- 
nient , this is the attached base of the organ where the blood vessels and ner\ es enter. 

The seminiferous tubules constitute the structural units Tlicse, like the urinary 
tubules, ha\e been isolated by maceration and examined us individuals They 
form peculiar arches, without parallel ehewhere in the body, with both ends dis- 
charging into the str, light tulniles and the bodies reaching out into the lobules 
(Fig 209). The number of tubules in the human testis does not appear to have 
been accurately counted. Statements in the literature place the number in each 
testis somewhere between 499 and 990 and in each lobule between 1 and 4. Tiic 
total length end to end of all the tubules in the human testis has been estimated 
to beSOO feet by Johnson (1934), 
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Spermatogenesis. —This process always takes place from within outward, that 
IS to say from the basement membranes of the tubules toward the lumma. It is 
easy to recognize the principal cell types (Fig 261) 

1 Spermatogonia (G sperma, seed + gone, generation) are sperm generating 
cells They make up the vast majority of the cells in touch ivith the basement 
membrane They are to be distinguished from the Sertoli cells by their rounded 
nuclei, rich in chromatin, and their close application to the membrane I^'Iien 
spermatogonia multiply the resulting daughter cells requiie more space than the 
original cells Some aie displaced in the direction of least resistance toward the 
lumen, while others lemain in the same envnonment as their progenitors The 



Fig 2G0 —Seminiferous tuliules of dilTerent types A, blind end, B, simple loop, C, 
uiatomatic bianclnng, and D, tuo adjacent tubules joined by simple loop hr, blanching 
'1, dneiticiiliim ending blindly and x, tubule broken and not followed further Actual sire 
(Rediawn from Johnson, coin tesA of Anat Rec ) 

roimcr begin to dincrcntiatc, the latter, bv rcpeiting tlic process, start otlieis on 
the path of speci ih/ ition and maintain a rC'CrAoir of new cells nciiest to the blood 
suppl\ next the ba^'Cment membrane For main year-, generation after generation 
nf spermatogonia in unbroken hne^ ser\ c m the same basic capacity as other vegeta- 
tne mlermitotics which juodiicc blood and epidermal cells 

2 ]’nmar\ •'permatocA tes arc ptoduced In dilFerentiation of the displaced 
daughter cells of the vpiTinatogonia Ow mg to the large si/c of their nuclei and the 
froqiiencA of mitosis, the\ are the most conspicuous cells m the series 

3 .^econdarA s])i.rmatoc a tes are smaller and lunc smaller nuclei TIica are 
more numerous and neaier to the lumen 
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4 Spermatids, produced m turn by division of the secondary spermatocytes, 
are still smaller cells Studied in routine specimens they are readily identified by 
their very intensely stained nuclei, which are small, elongated bodies disposed in 
chimps 

5. Sertoli cells are tall pillar-like structures which extend from the basement 
membrane to the lumen. The converging clumps of spermatid nuclei point to their 
distal parts in which they aie in fact imbedded Then lateral borders are likewise 
indistinct being excavated by piessine from the roughly spherical spermatocytes 
Their nuclei often show some lateial compiession with long axes A'ertical to the 
basement membrane The appearance of these nuclei is distinctive Tliey have 
less affinity for basic dyes than any otheis m the tubular wall and are marked b\ 
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Fig 2G3 — Achancecl and medium lubulai fibiosis and mleistitial cells m light testis of 
man (Xo 13S) aged seveiity-sc\ on yeais, d.Miig post-opciatnely m excision of benign hj'jicr- 
trophied pi estate H and E X 120 (I^ntbvDi Eai IT Engle) 

single, large nucleoli d'liougli .Sertoli cells are not themselves differentiating inter- 
mitotics in the spermatogenie series, the\ play an essential and remarkable role in 
maturation of the spermatids Tliei seem to nurse the spermatids within their 
distal c\toplasm by supplung them nith essentials which they get from their 
roots at the basement membrane and which otherwise would ha\e to reach the 
s])ermatids in the ti.ssue fluid seejnng between layers of closely iiacked spermato- 
gonia and spermatoev tes 

(> Sperms are the final post mitotics de\ eloped from the spermatids and shed 
into the lumen tails first Tlie\ are best seen in the semen (p 33()). 

During spermatogenesis the <‘hromosome.s are reduced in number to half of the 
IS present in somatic cells On union of the spei in w ith the egg the original number 
is restored But all cliroinosonics arc not alike The sperms arc of two sorts con- 
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tuning re^pcct^elv 23 oniman tliromoNomea plus 1 \ (.hniniovirat^ ar>l > 
on!mir\ clmmio'oincs.plus 1 "i chromo'onie, tvherras al! t!iecpt^lia\e:u>*J*\^ 
climrnoyimcs plus 1 \ cliromo'omc 

‘'pcrm (2 J + \) + cfrp (23 -f \) — n fcmalt (-fb + 2 \) 

Sperm (23 + 'i ) + epp (23 + \) — a male (40 + \ + Y) 

Details are to be foun«l in pipers h\ Pnnttr (1024) Hani niui \ (lO'i 
ind in Wil'ons l>ook (1025) 

Pximimtion of almost am testis slions inarktsl n.'j.ioinl %nrnliilit\ m »|vrT~ 
production This is notctl a\hon the aectioii passes lonpitiidiinlb tlmuuh a tuluV 
and IS not uncommon c\cn in smeic cros>-sections of a tulnile It is likc-K tlm i 
liiimans ns ncJl ns in mice an<I raWiits (Cintw 19IS) tin profa-s^ jusm'S Me ■ 
w a\ c alone tlie tubule W c ne«I more light on tlic conditions that lead to a {a-r 



I tinee of iKnnntogtmsis m M*inc indiMduali (Hg 2i'2) nml its pirtuf er'siti 
inothtrswhoan \oimgir(I ig 2<»J) I iidocniu nguIitionisnfflitniiililsfroUi'^ 
flia iMianiung cli ir Ilnakdimii with odvnnctal agi is di-s« nlNslbi irjrVt ' 
‘'[X mi [irtKltKlifiri lik< Mood cell piwIiKtiou and pmbahh m mv ittinr nrtiu 
IS sliarjiK (ondilionrtl li\ ttiujKntiin Itsuihkiih dawrusl iil»on p ^ ' 

hn<! laiMii ind tht I nitial States at nMiut the s.triM turn nti«l 
(( r»w l‘l22 I iikui 1'I21 aiul M(n>rp and Quick 1^2 {) that this is w is t f 
an Ik Id in tht stnitiini sirtinlh oiitsuk the Mxf' whin tht trinfwntui^is * 

{’ loner than in tin alMlomina! rasils For a long tirni prtMou ' it 
(siuiinnn knowhslge that alNloiniiiallv relaiiiesl (rnptonhid) tr>trs « n 
jKniis Tlienj>;>earinct tif su<h a lestis is illostritetl in figiirr -' * 1^,1 rrF 

tiiat {H-miatogine'is is unifonnb licking anti tliat mo I t f t ir 
rt-^emhle Ih.r^t t.fSrtoli I igun 21m hoWs stages m esj), rimenUJ rrvpo ^ ^ 
and figure 2'>t the rrgtneraliun of spennatogeresis in a tf'ti’ re, J 
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Hrotuni in ^\llIcll degoncntion owing to confincnunt m llio alKlom^n M rn 
progrc^wJ too fur 

Sex Hormone Termmolofy —Tins !■» onl\ m< ntioncil licrp l*oc«iiv^ thi, 'tnirturt 
of the imle ami fcnnle rcproductix c sxMcms !^ x crx hrgclx homiom rrptihto! inl 
It Is quite impo-vsiblc to obtain n clear first xicxx of structural chances as |.>rj- a« 
X ague ideas persist concerning the names of sex hormones 

Most of the confusion results from proprictirx terms mtrwhiwl h\ mamifar. 
turtrs who xxish to market their products under attnctixc inmes \l>oiit 
these are hsteil bx I’ntt (Allen sSex and Internal S-cntions iq>0) llip numl« 
xxill continue to incrcise See Hormones in Nexx and Nonoflinil Ilrin«h*-» 
publislied xearlx bx the \mencan Medici! Associition 

But there is no longer anx exeme for loose us.igc of scientific trrms IndicautR a 
meetings of distinguislicd committees m I umpe under the U*aguc of Nations ard 
in this countrx ha\ c led to agreements xxhicb h ixc been crx stnlli/wl m mnuninfmh 
turns bx the Council on I’liarmicx nml Chomistrx (I A M A IPIo 106 
1809, 107, 200-212 1221-1223) Biicflx mterpntrd these prox ule ft>T 3 ehssrs 
sex hormones and for some tiidixidual hormones 

Inrfrojen* (G aner mxn + jenrioo I produce) are pnucipdlx eauicimexlitvtbf 
dex elopment and maintenance of the male secondarx stxu d organs ami of seior'lnrx 
sexual characters such as masailine hair growth xoice and psx thologicfll twit* Mi 
substances possessing mascuhniring actixitx are androgens In this cliss tie 
Council recognizes three chcmicallx pure hormones amlrustcronc delixiK^ 
aiidrosterone and testosterone of xxhieh the liitti r h most U'lxl 

t flrogetis (G oiatroi made desire) arc the female counterparts of the niidn'Wns 
Ihex are concerned xxitli the female secondarx sex orgms and chirarlers Thrx 
produce cstnis and are feminizing 1 strus is the recurring comlilion of lint 
or sexual receptixitx in most mammals It corresponds to tlie menxtnul ixrlf n 
XX omen If knoxx ledge of these hormones hail first been securcxl bx xtudtr*in 
buraans instead of on loxxer animals thex iniglit as xxell haxc Ixtii ilc^icnal^' 
menstrogens Three chcmicallx pure hormones arc reeogmzctl estmnr r'tn- 
and estradiol with accejitcd sxnon'ms Ihechn theilol and ddixdrothcxhn 
tixelx 

Profjeiierotie is the progestntion hormone It pripan-s the uterus for unj> in a 
turn of the oxiiiii and h is no amlroginic or estrogenic propirtii** It i* nuiuror 
t died the corpus lutcum horroom to sigmfx its origin atwl lutrtixtrrt'ii*- or 
liilrm xelloxx slerol a class of chemical siilwtuiees xxitli tht siiflit tm im kw ii' 
kelom Us some it is known ascorporm ProffMfm h a knu! of genrne tinn r 
plox ihI for substances bax uig similar action pn»<huxsl in the i>!a(i nta an' 
extracts of tlu adrenal cortex ramir* 

Hormone Production - IJitxxeen the tubules is hxi'c ts>nn«stix< ti ue 

lAoml xe-ssds mrs.-s and Ixmph itics Ihe usual V""”' i 

but fat ctllsari for somi n ivm extnmeix rirt ( irtainlx tliex wou < >f 


xcnientx if pri's^nt in largt miinlHrs ,, i »)/ 

Tlie desigiiatitjn inti rstiti il nils is it-serxeil for still otl^r re ^ 
tubules whicli an hormoni pnxhinrs and arc n pre^ ot”! in ' *.i - ,l^v 

and 2(^1 Tlux mix msursinglx but arc gtmnllv 

tlumps Wluntlu IS tin <ni«< there is a faint resi mb! inn to rjii 

li IS promptnl ii < of il)« idjistixe tpith<li«id ’^birb is howixrrqm ^ 

Tx-iucollx ea<h «sll In a mglt spherical nufhus and ..pnoti-'r 

cx toi>Usiii ebarpisl w nb a gcs»«l ileal of fats and hjxud* Cn s ou 
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quently found in the cytoplasm \s-hich may also contain pigment Interstitial cells 
are of mesenchymatous origin and some of them look like fibroblasts which have 
rounded up and have been otherwise changed A helpful review of their properties 
throughout the A'ertebrate scale is given by Rasmussen (1932) 

Until recently evidence of hormone production has rested on the weak presence 
and absence argument The trouble is that quantitative measurements of inter- 
stitial cells are difficult to make The cells may occur abundantly m some parts of 
the testis and be almost lacking in others A false impression of increase in number 
may result when the seminiferous tubules are atrophied and occupy less room in 
consequence of which more interstitial cells may be found m an area of the same 
extent in the absence of any absolute increase The reverse also holds, tliat with 
enlargement of the tubules the number of interstitial cells may seem to be less. 

It is true, however, (1) that the interstitial cells persist in tubular atrophic 
abdominally retained testes (Figs. 264, 265) which continue hormone production 
(2) that descended testes showing advanced tubular atrophy may exhibit numerous 
interstitial cells coupled likewise with hormone production (Fig 263) ; and (3) that 
interstitial cell tumors may be associated with increased discharge of hormone. 
But on the association, if any, between reduction in interstitial cells, and decrease 
in hormone production, more data are required 

More convincing are the observations, leiiewed by Engle (1942), that the 
interstitial cells are themselves hormone regulated and a pait of the system 
Particularly significant observations have been reported by Pollock (1942) that 
steroid compounds, with the chemical properties of testosterone, are confined exclu- 
sively to the interstitial cells and are not detectable elsewhere in the testis While 
these cells constitute the principal source of this and perhaps of other physiologically 
active substances, loosely called cindrogeyis, and ieshs hormones, it is unlikely that 
they are the only source, for similar substances are to be found in females and in 
castrated males Adrenal cortical cells may be involved (p. 125). The broad- 
casted chemical messages have a profound influence not only on the development 
of secondary sexual features and on maintenance of secretory activity by the 
accessory glands but also on skeletal muscle, renal and other tissues. 

^^'e conclude this brief outline of the histology of the testis by a tabular com- 
parison of the beha\ lor of its tv.o principal tissues 

BElI^VIOn OF iNTERSTITIAt. CeLLS \ND ToBOLAR EpITHEUCM 


Condition 

Interstitial cells 

Tubular epithelium 

Crj ptordudism (abdoinin- 
alK retained testicles) 

Unmodified or more prominent 

Greatly degenerated 

Incre.Tse in tempentiirc 

Unmodified 

Rapidly degenerate 

Bccreas: in temperature 

Unmodified 

Rapidlj degenenite 

''av^ctomj 

Unmodified or more prominent 

Degeneration 

Koentcen-raj 

More resistant 

Less resistant (eveept Sertoli cells) 

Hndmtn 

Unmodified or increased 

.''permatogcnccis completely arrested 

^ a uiiin E deficiencv 



Proliferation 

Degeneration 


Unmodified or inrrri'.efl DoKeneration 
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m nott tnce tlie courc of the «pemis from tlie tu!)itl<s to tin vn n 
chirped m ejiculatcs 

Tubnl] Recb, Bete Testis, DnctnliRffereutes hen first cast off hi the Sn-l 

nr nurse celli. -sperms arc lounp and prohibK not motile Tim <till p<t<ysx a 
noticeable amount of Cl tophsro Tliei iincl themscUct* croadeil in n tlunnqi*n ■* 
medium nhich is most hkch a kind of transudate from the tts^ue fluid Mimnirv! v 
the tubules for there is no acccptiWe eiidenec that cither the -siK'nintopnii rr 
Sertoli cells art scertton But the possihiliti tint the htter im\ discliar;.c «on«- 
sort of mattrnl or matcrnls should not l>c entirelv lost sight of lluirntopbaa 
IS more extensn e and more diiersifiod in respect to prinules cnstallo ds and n! tr 
microscopiciih \ isiWe components thin tint of the sperm itopt me ci IN Ifow dr 
sperms arc pissed from the intermodnte part of tlie coiltsl an<! coiiMihitol hi' 
loop-likc simmiferous tubule to the stnipht tt^buIc^ is n question tint ha* r<t 
been ansnerwl The wills of the tubules do not possess museh thecontnctiomcf 
nhich could propel them 'iome inscstipitors invoke a kinti of prrnithpn*' iirr 
the sperms btinp pushed onnird b\ mort and more new ones so tint the' Invehi 
tliconK possible exits since the tubules cannot ibhtt \rr\ much mi necount cf the 
stronp cipsule surrounding the orpin Phis mi\ be supplemented hv hvdn statu 
pressure It li conceiv ihfe that the cpithcliil w ills of the «eimmft roiis tuhii/c* arr 
so constructed tint wntcr is filtered through ns m the rinil plomcnili hut nuHh 
more slowh Tlu spemiatopcmc waxes which travel nlong tlie tnhiiln nrr char 
icterized In accelorvted cel! div ision Tins am be tiken to «ipiiifv nn men w in 
fluid anil in itenils of licinitopcnoiisongin so tint each wnvemnv fiencvrmipinw/ 
b\ ft pnduii wishing or flu3hin},*otit of the tuhulc Jhe wives ns d<"‘cnli«l hv 
f urtis ire however not ns rtgulnr as wc would wish to jtislifv this txpHn3b"H 
nnd tliev seem to piss from the hegmning of the stnipht tiihules into the talu 
instead of along the seminiferous tiihules townrd tht stnipht tiihules 

The outside diameter of the short stniight tu!*ulcs (Uihiili rrrti) hv which ire 
sperms nnd fluid piss dircctlv from the seminiferous tiihules to therefe h nirrotfr 
(I ip 2 -jS) If the combined cross-settioiiil nrei of their Imniin h less than I at 
of the stminifirous tuhules opening info them the current through them ^ 
faster Pliev are hncil b\ simple columnar cells Mid to he akin to ‘^rtoh cr < arv 
eontaimnp Id e them a pood deal of fat nnd lipoid , 

On entering the rete testis (I ig 2 >9) the 'perms find themselves in n netwert ' 
wide irregulir spaces where there can Ik* hut httle onward current TJie spimar 
lined bs eulwidil and exen In squamous ipiththnin The riti H rrillv « 
s\ stem of connecting lakes of microscopic dimensions The strong n >roiis >• »''n’ 
raembnne of the seminiferous tuhules is rcducetl m the straight In ‘imi nii' « 


absent in the ntc 


The upper postenor part of flit rtt< is drained bv a si nes of I ' or iiinrr " 

ductuli*s (diWa/i riTercatej) wliuh spread like the leaves of a fan to Jl'*'’ ^ 


ipididvanidiH Thest du< tubs nit much coiled and eontorl'il p ^tVstiU 
liigfdv differentiated than fhi straight tiihules or therete Jt n m 
first difinitelv setreton cilN arc found ns will as thi onh o s pni , 

motile cilia Tlit fonnir are often groupe«I togttlier ami are ' lo er p . 

const ituti little pfxrkcts (intra-epithdul glmds) or grwives m * “ lr«i»o 

(Fig 2<>dK Till nature of the accretion hai not Ixvn drtenniti*^ ' ^ ^ ^ 

that the eiliirv licit is in peneni onward tonanl the rpididvmM 
/awtschd^ <nitz inri) Till efferent ductules an aN' 
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membrane and provided with a delicate circular layer of smooth muscle, the con- 
traction of which pushes on the sperms and fluid 

Epididymis —The long, convoluted duchis cpididyimdis receives ail of the 
efferent ductules and acts as a storehouse for the sperms Its wider and more 
circular lumen is lined by a pseudostratified, secretory, columnar epithelium The 
projecting, distal, brush-like ends of tlie cells are fibrillated and have been termed 
stereociha, but they are not motile It is in this duct that the sperms mature 
Young (1931) has discovered tliat the sperms removed from the distal end (next 
the ductus deferens) are much more effective as fertilizing agents than tliose col- 
lected from the proximal part (near the entry of the efferent ductules). The secre- 
tions of the seminal vesicles, prostate and bulbourethral glands (Cowper’s glands), 
added later to the sperms, are non-essential. Toothill and Young (1931) have 
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Fig 267 ~Epidid\anis, human Formalin-Zenkcr. H and E 


‘’[’'^rved that particles of India ink, injected into the proximal part of the guinea- 
pat s epididxniis, require about fifteen days to make the journey to the ductus 
deferens The wall of the epididymis is equipped with basement membrane and 
‘^oine circularly disposed smooth muscle fibers (Fig 2{)7) 

Vas Deferens.— Sperms arriv ng at the ductus (luf) dcjercii't die unless quickly 
forced out in ejaculations Each ductus on nearing the prostate expands into a 
ind of ampulla, receives the secretion of a seminal \esicle, traverses the pro.state 
as an ejaculatory duct and empties into the intraprostatic part of the urethra 
( !g 2‘)U). It is a long tube lined by a pseudostratified columnar epithelium uhich 
>11 fixed preparations is thrown into folds due, perhaps, to contraction of the walls 
11 proportion to tlie diameter of its lumen the ductus deferens is one of the most 
le.axily musoulated tubes m the body Its finn, wire-hke consistency, felt through 
t le thin skm of the upper part of the scrotum, is unniistak.ible. 'jiic musfics arc 
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of the ‘tniooth \nnet\ and nmneed in t!»rce hiers inner lonpitudmal 
circular and outer lonpitudiml It xiould he vorthwlulc to a«<\rtam ^hrtl rt I'^rv 
are cxactK circular and longitudinal or ln\e an inclination to tpinl di ix>«Uh\n »» 
in the nlimentara traet The ««ame haers le^ dc\ cloptnl make up the wall rfd- 
ureter hut thefoldinpsof the epithelium of theundi tended untcran mnchdfrprr 
and more repularU dit like and the cpithchuni ha contri't i*. of the tran<ith ril 



'tntified aaruta midi up *if four or fiae (alliihr ■strata thr 

(facinp the lumt n i i"* lamijHistal <»f larpi hloitial huikiiipia-l * »!*■*> 

l> ron<luctih and tin lari.t Hinoiint of nm <h l< in<hritiae o t ir i ^ ^ ^ ^ 

the «i>enija and Hind in it t ti> l»t taaiuiftal It i not aiiprn »•» ' 

iti propxr nnmternma it iliiKmla lik« tin 

orpan' u{>on a rontinin n iippla oftt-*tnhom»'ni Wlirnt imi< 

defrrena atrophies 
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Vesiculse Seminales.— The seminal vesicles are to be regarded as appendages 
of the excretory ducts of the testes In some animals they are lacking. Each 
vesicle is a very irregular and contorted tube which joins the ductus deferens at the 
point where the latter changes into an ejaculatory duct which pierces the prostate 
and discharges into the prostatic urethra (Fig 256) ^^^len freed from its capsule 
this tube IS about 10 cm, in length According to ISIcCarthy, Ritter and Klemperer 
(1927), its capacity is from 2 to 7 cc Figure 268 shows the structure of the vesicular 
wall The physiological histology of the organ is critically reviewed by C C. and 
M T. Macklin (1932) The seminal vesicles are not simply storehouses for semen as 
the name implies The extent to which they act as resting places for the sperms is 
questioned and they may not serve in this capacity at all (see Beams and King, 
1933b) They are certainlj'- secretoiy m function The pioduct may be recognized 
in the ejaculated semen by its yellow color and thick, sticky consistency The 



Fig 2C9 — Secretorj’’ proce'ss m \esicula seminalis of mouse from a specimen fixed in a 
mixture of formalin and potassium bichromate and stained with fucli^in and meth3’l green. 
The tips of some filamentous mitochondria seem to project into water^-^ vacuoles Spherules 
of secretion antecedent are seen and a mass of secretion is present m the lumen X 1500 
(Covdrj’, Contrib to Embrjml ) 

‘secretory epitliehum accumulates a lot of lipochromc, beginning at about twenty 
j cars of age. It is much folded and exhibits many irregular du ci ticula The cells 
arc highly x ariable both as to length and tiie presence of secretory antecedents The 
mitocliondria hax e been studied in white mice They actuallx project into the clear 
'acuolcs that encase the secictory antecedents (Fig 2G0) Moore, Hughes and 
tiallaghor (1930) have made the iinpoitant discovery that the cells respond to 
testis hormone to a degree than can be measured quantitatn ely Their illustrations 
''hnuld be consulted They show that in some cases the epithelial cells of the normal 
>■<•1 s xe,Mcula ‘^eminalis arc columnar bodies about six times as long as they are 
''ide. containing many granular .‘secretion antecedents in their distal cxtoplasin 
hen the influence of the hormone is remoxed by extirpation of the testes, the 
'■'^erotior, antecedents disappear and the length of the cclF gradually decreases 

until tliex haxe become ciiboidal The injection of te-tis extract into a ca'-trated 
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It 

fin >~1> —''tiowin;: innumcp of thivlin on min.il I oftliml A 

ffoni A rat apftj m montli* i\h>ch nm ii tntnl wl n\ two rv’rtN f vf 
Z» SfClion of the rorornl ip^icle later rrmoiwl fmm t!i sime nt »fler rM'epL j J5 ' 
rulxntanettu .1 injeetimi'* earh of JO rat unit* of the*lm Nute tl eonrl^J yrjwth tf 

and the alf«nicr of cIianRp Ifi llie rpitl>el:um ''I (OwrI let* IS'-'n) 

pattii f»\ (hirliolvr iitid Nel»<iji (JOtl) Purtlier eijx nrnrnfi are 
^SfiU (Vi’itii nir\ lijvj. (Ii«ct)\(nil IiKwitr Jn tlie rat lint titrelio 
l»nn;» /» tf( int n«ffiiM in(m«c m muvU nti*! exem v a <lej>f'^ 
fpitlielitjrn fFi* J70) Ilm nation nii-K*i tn ui% ifitrrr^tir? ' ■* 
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mg the mechanism of muscular h^T^ertroplij' in the pregnant uterus There are 
raanj' non-myelinated fibers and a few nerve cells can be made out. An excellent 
discussion of innervation of tlie entire reproductive tract is tliat of Gruber (1933) 

Prostate.— The position of the prostate is illustrated in figure 256 It stands 
before the bladder (Gr prostates, one standing before) and is a meeting place of the 
urinary and male genital tracts The best account of the histophysiology of the 
prostate is given by C C and M T Macklin (1932) Ageing is discussed by 
Moore (1942) 

In incomplete sections which have not been made in a known direction this 
gland is a bewildering mass of secretory tubules, follicles, connective tissue, smooth 
muscle, blood vessels, nerves and lymphatics. The section under examination 
must first be oriented If it passes as indicated by the line A in figure 256, one may 
expect to find some of the structures shown in figure 271 which is highly schematic. 



Fig 271 — Diagram of cross-section of prostate in the plane indicated by the line A 

in figure 256 

liic urethra, utriculus and ejaculator\ ducts are represented m the dilated state 
although they are seldom so found in sections owing to the escape of fluid from the 
organ and the contraction of the smooth muscle fibers about them The shape of 
'^iich a transverse section is i er\ much like one through the mid-brain Its anterior 
surface facing the sjmphjsis pubis is slightly concaie, and its posterior surface, 
'ihieh can rcadili be palpated through the rectum, is more so The outline of the 
lumen of the prostntic urethra, near vhcrc the semen enters, is distinctive In 
figure 271 it is represented as a moderately dilated, triradiate space. The floor 
alvajs projects inward as a little hill (co//ica/?w, L dim of ro//is, hill) The crest 
of this hill, also called the \ crumontanum, points forward In the mid-hne beneath 
t us liillock is the vtnculus—a blind pouch that approaches the urethra at about 
1 10 s,imc angle as the ejaculatory ducts (Fig 2,56) The function of the utriculus 
1'= obscure It docs not scr\ e as a duct for tlic prostatic glands but it.s epithelial 
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l.n.ns mi 5 rontnlmtc a small amomt of socrct.on Tlic MttcoUu ti, 
summit of the colliculus The cjiaihton tliicls ire piinil t„l,cs sitiw„l 1 J , 
and posterior to the utricilii, Jlie, ,„,l,e their ui, ,i„„ ,|,e o.ll,a.lu'Vrd ! 
dnrfe hr sht lile api rtures into the urrtliri If tin siction is mule at /, r™>, 
the urcthri nor the utnctiliis uill l» seen hut tin too ejiciilltori Jinf ajl I, 
present If it is loair it C, it mil contain the urethra mtli jii t a trite itt, 
npprecnble colliculu«5 nnd ^jtW utnculos or cjacuhtoi^ .liict-* 0},\u> I, 
^ctiom through Oic‘>i(lo of thoprostHo nholh <feuu(fof flioschmlnnrX i-rurr 
difncult to orient 



Fir 2TJ —I ro ti\tc of ixtecn jcir oW tunic Fined m 10 per renl fonnilm sn I Mt "I 
with H and I X Ho (Dept I'atlioIoRj, "ft hincton 1 niirriMtj No lOOvi IrrI !» 
Dr II A Moore) 

1 lie glnnds occur m 3 groups ‘UihniMco^nl inuensnl find proitniic \» irflfslfl 
in figim J71 the 1 ist mined nre tntich tlic hrgest 'nmugh ongunll' tid'uhr i* ^ 
changi m ndultn into a 'tries of communicating follicle-likt p.ner< (Hi ** 
first 'Iightlv nnimi*«nt of tlio j'ohtcti ductless folliclcn of the lhnn>'J (n>frpf^ 
I-igs J7J anil U)l) IJoth arc tj-picalK lined l>n a «uiglclj\er<)friiit!fIiiiM«l ir 
ma\ lie columnar cubical or «<iuainoun Storage of 'ifTiton prmliKi* ” 

feature of lioth but the epithelium and the piwlucts are mon iIniMifr»na t •’ 

prostate I^rge hinmatetl prostalic concrrtioni "hicli tiia\ Ifceonie faH n 

cerj characteristic and the tissue lietevcen the folhth’' ui the pro ^ 
•mooth iiiusck which is nb ent iii the th\ rend Contnrliori of theinTi'^ir ^ ^ 
C-Xit of 'ccntion which is a thin alkaline fluid rt~ 7 »on-‘ib!c for the 
'emen It is not mIIowj hlikcthe‘«Tctionoftlie'c»iilc'huti fIirhtbof^‘~ 
Note tha «ertiijns of lac tating mainmaia glands (Hge 2^ » an! • * 
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Fir 273 —Prostate of rat as testis liormone indicator A, Normal, B, twent}^ days 
aft« castration, C, twenty days after castiation but receiving 29 mjections of testis extract 
in the twenty days (Moore, Price and Gallagher, Am J Anat ; , 



B 

Flo 274 -Middle lobe of prostate ghiul of rat u^cd a« te-ti- hormone indicator. .1, 
Ih\(lopinent of castration chance' from nonnal (left), four-day ca-trite. teiMiay, ven \- 
d'c. and nincU-dav castrate fright) B, Shoving Golci body reaction' I/ift, nonnal, 
i'<iit<T. tvenh-idai (xa<-trite. right, tvcnty-tlayca'jtrate injected with te.-t is cxtnict (Moore, 

Pnee and Gallagher, Am J. Anat ) 
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MALE RFPRODVCTJS E S\STEM 


famtK like those of a % oung prostate but the contents of the lumitia are \\ ‘rctlv 
fatt\,osre\ealedb> clcar-spncesfrornwhich thefnt Ins l)etndLv^l\cU am! ti«ti 
mu'^cle IS ab<ent 

Jloorc PriccandGillagher(1930)lia\eobscnedtlnt ^hen b\ cistralK-a 
sustaining influence of the testis hormone is eliminated the prostate atmph e« 1 
that It ‘toon recoaers on the administration of testis extract (I ig 2rt) 'nie\ b\r 
in addition measured tlie degree of reaction ba dclcmiining the altintioni n lie 
licightand structure of the secrctora epiUiehum (Fig 274) In \ic\rof tJu^nnsrl 
able dependence of the normal prostate on testis honnont it is not "urpruing tHt 
the cancerous prostate as i\cll as metastases therefrom should aly) uiuler?^ 
atrophy in 75 percent of patients trcatrtl In castration (Ifuggm^ rial IPII) 

Tlie prostate is almost unique among glands in its tendency to undergo l«ertri 
h\pertropln m adxanccd xears This enlargement is statisticalb nontial lirau*e 
Moore(1942) gnes its incidence at nell over CO per ctnt m mdividtnb mrr ‘ut' 
a cars of age According to Moore Milltrand McI^IIan (IO|0) older men MiPonr^ 
from this condition shoo in generil a gnat reduction m urinaia c'ccrttionofflidn*- 
gtns (male hormones) than do others of similar age without enlargement If ihu 
means a reduction in amount of androgens in the circulation their prontafes ire 
ccrtainh not reacting b^ atropb> to decreasein hormone ns m thi rats m^e^tiriio] 
ba Moore Price and Gallagher and in prostatic cancer 

Bulbourethral Glands —Those onK require passing nntiec lliiir loritu’n n 
indieatetl in figure 250 Tlic\ raa\ be larger or almost \ cstigial and form a niiia d 
lubricant secretion Between thesecrcton tubules and ahroli thcrcisag*"'! 
of muscle part of which mrt\ be striated 17ic\ ore nl-o calleil Cowjxrs ghrl* 
TljeiJritbn has been considered with fheunnan sxsfrin Jtlms other smilislin'* 


prorlucing glands (of Littre) 

Perns —Prom the histological point of \iew reftrenee is onK neeesjan to it» 
remarkable blood supph which senes not onlj to noun h the tissues hut loraav 
erection in response to ps\ chogomc and other stiimih flic process of errtlion ha» 
been studied b\ Kiss (1921) Tlie branches of the ortenes to thi erectile ti 
of the ' cins as Inch lease it are constructed sliflcrenth from am others in the f 
On cross-section the arteries look distincth pitliologiwl nio> are "tTn to ' 
partU filled up 1 »n ndges consisting mamls of longitudinall} urrungetl minoth nu 

fibers (I’ig 275) In therclaxcd conditionof the penis Uic^-t artencs areirn iv 

tuous and this smooth muscle is considered to be in tonic contraction like 
circular mu»clc MTien erection begins this tone is lost and the arttries are i u 
to straigliten out and dilate enabling tlie blood to nish into the erectne tn uc 
known that erection also results from artificial stimulation of the ncr'i 
w Inch cam parasianpathetic a asoihlator fibers from the sacral cord am 1*”^“ 
decrea'K? muscular tone SomeofthcvcinsorceciuipiKsIwithfunn 
which retard the oaerflow, and the largest ones arc prolribb alv) 
contraction of the ischio- and bullxHrai ernosus mu’clcs Con'«|uei) ' ‘ 

swells An idea of the extent to which the caicmous 7 a(TS o ' 

caicrnovi and the cor^ius spongiosum are puffwl up with bWJ ma' 
comparing 1 and P figure 27C Kigidit' w given In the fact ^ 
are preventetl from undue expansion bx firm fibmu* invntmcn ' 
outer automobile tires hollowing ejaculation the longilutliru 
of muscle regain their tone and the inflow of bloo*l n nsiu«s 


flaccid Swelling of the corpora caxemosa 


of tlie nasal me* 
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Fir. 270 — .1 Cr<V!:-=ctt!on o*’ a rxus pciii« of an ix'di-idml agtd t” rntvr^c.ai yrarr 
in the rrh\c<l Ktate D Cr(-''-'C'C‘’')n la cni-ctofi statr to indicate vascular engorgement 
.Redrnrm and irodiSod from Ivns, Ztschr f. Aaat ; 




™ MM.F BtrrOUVCTlit Si‘,TE\I 

erection of the clilom of fcmilK, anti of tlic niiiplra of mtlw art to Ha,,. 
smuhr piicnomcm 



Tio 277 — Dr3Wag9iUustrating{heranECor>am{jonoffpcftn^loiM flK* fir«t i« rrfiri'") 
as the u^uaHorra (Redfami from MocnchamU foil, J Oli't sfi'lG\*’«') 

Semen is a compk\ mittnre uhich \'ira3 with the ph\ •'wh'pi-'al atj} 

piUioIogu-il state of the teatce, their ihicts ami npjiendcd ^hnds Hht(>Hnn!3> 
pm t«tit tomrotions sperm cn-^tals, hmphocvtes dcsriiittiiatal (^uthihil tt! ' 



1 1(1 27'' -DtaRram showing t^uronment (rf sperms in mgina sal uI'to' 
Knrzrofc \id J Oh«t ami 0>7i^ ) 

' iml huoKitcs wh.ti prcMtm tijKiitl drophta nml 
h t ftamwl h«w Utn iti\<-,(Jritcd from tfic point of 'Jcw of Iioh Ui'^ 
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. , (.election of contra- 

ceptive^) , studied the abnorm. 33^ {eels justi ^ sperm 


* utv to fert.1® '= °““Sw i= r n cxToid to small amounts of 

' TnU S "i" * ■■■'“ rf“)” ' -'.?—«•■> •'»-■'"■"■ 



^ B .X infected mucus ytIucIv 

C,rurtbcr cntrj- mto nomm 

Am 1 Obst and Gynec ) 


\m 1 Obst ami Gynec) ^ ^ r tbe ability of the sperm to 

tbc pll of the ^ aginal of £ nonmd ccn’ix, making 

are turned a\\a\ as is g • P .approximately t\Mce _«^s is to be 

nrca is present m the semci • PP ^ f "'"T 'tic aid KiUigan belic% cs 

four to six times and laeti produce lact • liisto- 


imir to MX ,. encar ana - niedium tue 

oM'rctod, .mtne sperms ” . j dcere-isc mcUl'e'r immnnolof’ieal 

ll„.t their .aolilttv tncrcases ' , ,,y Marsa 

atemts.rr ■''•l’otm'''»^ „<l.c.l l-eMm''' '■"'‘i ,,, ile.ner (IHTO 

t..,,.ti™,sl,.tveheenesl..., -l, cl '' l-'Yl ui rslmm Ueunen- 

A„ a-lmirablc oeeonnt o the ,,y ,, Dr Ham, 

part, of vliiclmse quote He. 
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ajs 

liotk ilescnbtd in lii> coinmunicntion to the Hot il Soiictx m 1077 ai j nunrf 
sjnpular inodcst\ ’ Ilc^rote 

This disccrnmp ^outh M-sitcd me and brought v, ith him iti a miall glA>c*\u» 
semim} flmd from a rnan nho hid cohibitod nith a di<ei«o(l wonnti and lie 

that after some minutes \ilien the fluid hid l>ecwre»o 
attenuate that it could he put m a ihmlcr gh-ii tube V« 
had seen hung animilculei, m it which he thought *r*r 
produced b} some putrefaction He nddc*! tint th<»^ 
animalcules seemed to him to he pro' idol with tu!^ an.! 
that tlie\ did not sun i\ e the «p ici of tw cnt\ four 1 oan. 
Morco'cr he declireil that mIicu tirchmth hii! Utn 
pt\en to the patient intcrnalK the nmiinlciiles npi^iml 
to be dead 

"1 poured this mitcriil in a g)as^ tube nn<l cMininn! 
It m the presence of Dr Ham and M*me luc atih 
imlculftj in It But when after two or time Imur* 1 
examined the material more cinfnlh, In jnv ilf I m* 
that all tlie nnimalcuKs n ere dt id 

Lccunenhoek believed that the nninmlttilcH wtrr of 
two sexes and that each held within it a prefomicilinmcf 
w Oman in miniature Dalenp it lus (I AH')) w i nt furtlier am! 
claimed actuallj to see these tun prefonntx! iiiili'idud< 
"\Ne Ime seen some aniniilciilcs having jii»t tie 
form of tadpoles such ns are found in brooks ondmwhh 
bogs in the month of Mav The tail nfourorfivetinei 
aslongasthebodv Ihcj movoxvithxvonderftilrapiditj nndbv the strokes cl tW 
tails produce little waves in the substance m which thev swim Hut whov'oufj 
btlicve tint in these a liuman bodv was hidden? \ct we have «<“en such with wir 
own evea I or while wc v\ere observing them nttcntivcK, a hrgt one tlirtwo Uv 
surrounding membnne and appearwl naked showing ilistinctU two Irt.^ thi^ i' 
breasts and arms The cast-off skin drawn npwanl nn end the bead lAr» ^r 
and it VMS a ilcbghtful and incredible sight Hecai^e of the miniitcnesi of t r 
obj<xt the stx could not be <listmgin»hotI After the httlc rrntun had W i ’ 
membrane It soon died 

I lie impuKe to set what one expects to sec did not die with I)drnpvbii« ‘ 
illustration of a sperm is> rcpnxlur^ m figure 2S0 It looks like a comp 
hodltsl member of tbc Klu Klux Klaii adorned vsith a iro-w but minus a sloe in„ 

SUMMAEY 

TJie structure of the male reproductne sj-atem » (Icsigriwi 
of sperms their storage and introduction into the genital tract o ^ 
such a wav that fertilization results The life of spenns w a 
and 'inct tlit chances of ana particular one fertilizing an egg ntc 
itnal thev are fonnwl in cnonnous numlicrs \ppmxiinate v i! 

liberated with eacli ejaculation Tlieir development m the rofi'o u * 

the testLS is fairK continuous during adult life and dtpenus “f*"” ^ 

supplv of gonadokmin from the pitmtarv of vitamins ti' 

maintenance of a temperature in the «crolum a degree or more ^ o 





Flo 2S0 —A human 
sperm as repre ented bj 
Dalenpatius in IG90 
(Redrawn from Bremer, 
Textbook of Histology, 
courtosj of P Blakis 
ton 8 Son A Co ) 
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body cavity At the same time the testis is busy producing a hormone whicli 
serves three purposes It stimulates the development of secondary sexual character- 
istics It maintains the proper degree of activity of the passages by which the 
sperms are to leave and of the glands that afford the necessary fluids for them It 
also regulates testicular activity by inhibiting the production of gonadokmm by 
the pituitarj' which activates the testis The young sperms are wafted m some 
nay from the seminiferous tubules through tlie straight tubules and rete into the 
efferent tubules by whose ciliary and peristaltic mo^'ement they are forced into 
the ductus epididymidis where they remain in storage for days, perhaps for months 
An optimum period of residence in this localitj' is necessary if they are to escape 
in a vigorous condition It has been observed that the fertilizing power of ejacu- 
lates after long abstinence and after undue frequency is low as compared v ith that 
accompanying moderate intercourse Most of the sperms that travel of tlieir own 
initiative into the ductus deferens die It is only through the ver;s- definite sequence 
of events in ejaculation that thej’canescape with sufficient fluid and in large numbers 
The way has to be prepared and their passage expedited There is some reason to 
think that the fluids and sperms that make up the semen are discharged in a certain 
order Erection is accompanied by the exudation of a slimy lubricant from the 
bulbourethral glands and by contractions all along the excretory passages The 
alkaline secretion of the prostate follows, preparing the way by neutralizing any 
local acidity of the urethra Then come the sperms with the secretion of tlie 
seminal vesicles which is said to have a nutritive value Unless tlie fluids of the 
vagina and uterus are quite acid, the sperms remain active foi hours or days, but 
their ability to fertilize is of shorter duration 



CHAPTLIl \I\ 


1 1- MALI nrPRODLCTINT S'iS'lfM 

Tiif rtpro(hicti\o s\s,tcm of the fcinnlt Ins n fur more compliritol tisk tn 
pcrfcinn than tint of the nnk It must Mipph opps fnonbli mwIifjoiM {nr 
firtili? ition h\ sptrms and a suitable cn\ irunmciit and mitniiunt for llu jnmih 
of the nir&iinnp up tu the time of birth ni o milk. b\ the iinminin {rluul^ hr 
month's there ifter It n dniMbIc into the pnntipi! cev orf.'aiis thi minfi 
«nd MinnU'i ^cctsso^\ p^rt^ tncludm;; the InlJopnn fiihtw ntoni-' iicimafK/ 
iininin ir\ chnds I he ssstem function>mc\eIe'< 1 acli stupe isnetijn!el% liiiinl 
ind repuhtofl In lionnoinl nml mrxous nicclnmsins In no olliir of tir 
bod\ ln\t the ndeanccs m ide in the past decade he-cn m* illiiminatiiif. Connpts 
unipicstioned for a pencntion hue filled to aiitlntand the impact of newb ih« 
eo\ ore'll facts for nell controllwl cTiieruncnts art now the onicr of the cln \ 
landmark lias been cat ihlulit'tl In \llcn (11)12) who at the rcepiint of the Nafiorual 
Hose irch Council sought out Iciding inxcstipitora ami prrstndcd tliom to to- 
onentc m preinnnp a statement of our pro ent kiiowledpe on ' W and liiterwl 
''ceretions So pre-it h is been the elemand for this hook nml “o nipnl liaei Ixrn 
the further idvunecs that a new cehtton waspublisliu! in I'MO 





tipon Kiireail irtit »iut thco\ao drawn downwa (l»r9> 


Omi&n Architecture Mueh more tli m the trstu the npi>earan<t • 
differs with nt,» and phan in rcproductnc ride '/,i-n»arr 

de-sirablc to risa.-nir* v.riu limJioarks 1 »tJurp2Sl "hows the I**' j 
in relation to the other pirts of the s\ stein ^inct it project* mtn v 
( 310 ) 
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cavity most of its surface is covered with mesothelium some of which can be seen 
in all sections except those restricted to the substance of the organ and the attached 
surface This mesothelium, commonly called epithelium, is germinal in the sense 
that m early Me it invades the underlying tissue and produces ova It consists of a 
single layer of cuboidal, or columnar, cells and is illustrated in figures 282 and 284. 
Sometimes this genmnal viesothehmii is brushed off in making the preparations 
Graafian follicles constitute the second easily visible landmark These are empty 
looking rounded or oval structures of large size visible to the naked eye (Fig 286) 
Corpora hdea are likewise large structures with walls much folded and made up of 
lipoid rich cells generally oriented in irregular columns vertical to the surface 
strongly suggestive of the zona fasiculata in the adrenal Corpora albicanha are 
shrunken corpora lutea so named because they look white since they are made up of 
connective tissue with few blood vessels so that they are essentially avascular 
(Fig 283) 



Germinal 

mci:Othchum 


Pri mordial 
follicle') 


Inlcr^lxtinl 

(ivswc 


Grnvxno 

folhclc 


Fig 282 — Ovarj" one and onc-half \ears old Died of influenzal meningitis Autopw 
three and one-quartei hours postmortem (Dept Pathologj’, Washington Unneisity, Xo 
10421, tissue obtained from Dr R E Stovcll) 

Ovogenesis. —The process may be arbitrarili dnidcd into 9 .stages represented 
diagrammatically in figure 285 (For this and many other aspects of dc\ elopincntal 
anatomy see Arey, 1940)- 

1 The germinal mesothelium has been mentioned 

2 From this buds project through the underlying layer of connective tissue 
(tunica albuginea) into the substance of the organ 

0 1 hc'-c clumps of cells arc pinched off from the surface and a jirimordial germ 
cell inakes its appearance as a rounded cell slightly' larger than the re^t ^Vlicther 
till's is a differentiation of the neighboring mcsothclial cells, or migrates here as a 
primordial germ cell from the gut cndoderin, remains to be dttennined Eierett 
1 19l.s) has jirescnted strong e\ idence for such a migration in mice 

1 1 he germ cell enlarges and the cells about it flatten to form a iirimarv nr 
firiinordial, follicle 
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Th, 28^ —Ahoic, cortex of ovan.- and below, o\anan blood xc.''=eK of eigbtj-fi\c jear 
old 'uliitc \voinan uho died suddcnlj after bcinp ^tniek b\ a car Auto})'-} one and one- 
quarter liourbjiostmortem X 135 (Dept Patliolopj. 5\a=liinpton Unncr'-itx, Xo 10551, 
ti'-‘'Ue obtaincai from Dr R E t'towcll) 
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dominate the picture It ib linntcd onI» b\ n few thm hutM of fol(icuUrr»-{)<-. 
the soncjrcnHfojrt— winch nnbwpctl up im little btlloch at om M<U~iher -t’ ♦ 
oop/oriit— cont\iDinj» the oMim and h\ <f»c tfiec-i mtenu (r) '1’}ieo«tcrrosrnrK 
mcrca'^c* in thicknc^a and forms the Ikrca fifrrva winch alone la aasaiUnrwl 
raptUnnea do not penetrate tl)c follicle, IhcdilTcrcntutnin of whah up ininjUirut 
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IS dependent upon the secretory activity of the follicular cells and the fluids which 
slowly enter it by diffusion The oxygen supply for the ovum, surrounded by layer 
upon layer of dividing and oxygen consuming follicular cells and later suspended 
by the cumulus oophorus in a little lake of fluid, must be relatively small so that 
its stored energy is conserved WTile increasing in size so enormously, the Graafian 
foll’cles push aside other younger follicles and form very noticeable projections 
on the surface of the ovar 3 \ As the follicle enlarges, due to added secretion of fol- 
licular fluid, the cumulus oophorus with the ovum usually becomes detached from 
the wall by intercellular secietion at its base The egg then floats fiee in the follicu- 
lar ca\ itj The increase in fluid pressure and the physical properties of the follicular 
Mall have been investigated by Thanhoffer (1934) by microdissection When the 
follicle luptures (ovulates) the egg, or ovum, is consequently borne out in a w'ave 
of discharged fluid It enters the peritoneal ca\ ity and is ordinarily picked up by 
the fimbriated opening of the Fallopian tube 

8 After the evacuation of its fluid contents the follicle ci iimples up The granu- 
losa becomes folded and the granulosa cells hypertrophy in cords extending radially 
from the periphery toM'ard the center At the same time the cells of the theca 
interna penetrate, with their associated vessels, into the mass The subsequent 
changes depend upon M'hether the ovum is fertilized m the Fallopian tube In the 
\ast majority of cases this does not happen and the structuie is called a corpus 
hdcwn spmmm, or false yelloM" body. This reaches its greatest size approximately 
tM'o Meeks after the escape of the ovum, that is to say, M’hen the next menstruation 
begins At this time the structure resembles slightly the cortex of the adrenal 
gland on account of the arrangement of its cells in columns separated by blood 
Nesscls and a little connective tissue The theca lutein cells are similarly laden 
M'lth lipoid They have a faint yelloM' color due to the Iipochromc pigment, lutein. 
Some blood may escape betM'een the cells and into the lumen, M’hich the connective 
tissue elements also enter The red cells disintegrate and some iron-containing 
pigment is deposited. 


9 Later on the lumen is occluded, the lutein cells degeneiate and the connective 
tissue cells of the theca attain the ascendency Collageiiic fibers arc produced m ith 
tile result that the corpus luteum shrinks, peisisting only as an irregular fibrous 
ni.iss possessed of but fcM' blood \essels and theicfore Mhite in color— the corpus 
(tllnrans But if pregnancy supervenes the corpus luteum undergoes hypertiophy 
and may attain a diameter of as much as 2 5 cm The lutein cells become larger and 
tlic jelloM- pigment less noticeable After about six months this corpus luicum 
rrrtnn regresses in much the same M’ay as the spurnim 

Only a small proportion of the follicles live to e\ aciiale their ova and to pass 
through the corpus luteum stage I'^stimatcs on the number of piimaiy follicles 
in both o\ aries taken together at birth range from 30,000 to 300,000 (see Schrodei , 
19 >0) -Vlthough, contrary to the older mom', ncM" follicles continue to be formed 
m the manner described during the reproductive life of the indi\idual, the total 
number rapidly decreases At puberty it is placed at aiiproximately 10,000 
iroMitig follicles and some fairl\ mature Graafian follicles degenerate vith the 
primordial ones The loss continues during the \ears of sexual acti\ifv. It is 
‘Mcilerated during piegnancy and increases Mith the climacteric, after Mhich the 
' i-.ippe.iniuee of follicles of all .sorts is complete This process of follicular degen- 
^r.itiori is termed atre.sia 


An appreciation of tl 
21 


le extent oi foUirulnr afre-ut mac be gaiiu'd by \ ital st, lining 
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njth tn^pnii blue •vnd -^imilir «h<N which arc takca up in hrpe ijuantitfr* ).x 
ilcccncntwiff cilK nml the w\cropJnfS^ thit n.mr.\c them llnndmh d ou 
for e\ cr- one that enters the I allopnn tube but tbrv ilo nnt Iru c the «rar in 
nhicli rtmains from the corxKin lufn and nhtch convert^ Ok <Ktulc ov-^rv i i\» 
firm fibrou'^ mavs The hfo of the indnulntl n\uni is npjnnnOt short as tiO) a* 



hT'-inloiis h n 1 f nin riv «upposr<l that a woman rndownl at *”*1 f,, 

rt un {um«Ur of i tjjd tli ti th«*< which sfo not dir (i'T'I 1 1‘ 

a«-iitinrt)n <}) f 4r\irf Nn« the p»rimn.al rj.nWmm i 

r.<jrforncs\ i »j ij h vana awf ‘'wc?\ (1^0) 1 a\r state* 

■• r lied wLtth r li a* <Ter|it the «hin*Tt« < f th** I N *‘i« 
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the shortest life span of any cells in the body.” But their evidence is from species 
\i ith large litters Data on primates is needed 

Ova, like sperms, undergo a process of maturation Those m the primordial 
follicles are generally considered to be primary oocytes and homologous to primary 
spermatocytes They represent the culmination of a period of multiplication and 
grovtli The first maturation division, by winch tlie number of chromosomes is 
halved, occurs in the Graafian follicle One of the daughter cells forms a small 
po/ar body and degenerates The second division begins in the follicle, halts in 
mid-phase, and is completed only after ovulation and subsequent fertilization 
Again one of the daughter cells succumbs as a polar body (see figures 286 and 287) 



Fig 287 — Mature oiaim Carnegie collection (Gray’s Anatomy ) 


Thc«c changes cannot be follov ed in the usual class material Therefore it is v orthvhile 
(o \ lev tv 0 fine mo^'lng picture films v Inch can be obtained on loan from the Wistai Institute 

1 Earlj’ development of rabbit egg ni nfro Hong film) by W H Lev is and P W. Grcgorj' 

2 Early divisions, 2 to 8 ecu';, of living monkey egg in vitro by tV H I.evis and C G 
Hartman 


The intcrfolhcular tissue of the ovarj' includes blood ^c«‘:els, nerves and Ijanphatics as 
veil ns smooth muscle fibers and connective tissue The smooth mu'^cle is not dispo=:cd in 
«Iicofs or bundles but per\ades the organ A fev fibers encircle the follicles Shrinkage, on 
imi=cnlar contraction, niaj facilitate the discharge of the distended Graafian follicles The 
conncctnc tissue elements are inteic'^ting and nnpoitant A« alrcadN' indicated the corpora 
nlhicaiitia are ‘siniply masses of collagcnic fibers Phagoc\ tes arc alv av"? actn c in association 
vith follicular atresia Filii oblasts are minieroiis but here as elsevliere the dividing line 
lotveeii them and mc'cnchjTiiatons cells is indefinite One or the other or both contribute 
o the fonnafion of the follicular theca. In addition certain large celb vith sjdiencal nuclei 
nia much lipoid liai e been described under the heading of inlrrstilial crtls, or e]iithchoid cells 
^ ici rc'Ciiiblc the interstitial cells of the testis in some respects and are abundant in certain 
specie, and rare in others Thus, they are \ep.' mimerous m the rabbit's o\arj% fairly fre- 
fiuf nf ui the cat and absent m the domestic pig Corner (1032) is of the opinion that there 
are none m the adult hiinian o\aiv' apart from llie cells of the follicles- and corjinra liitea and 
| am- the conflicting statenieiits in the literature as due to the habit vhich some authors 
air of calling tlie thecn cells of atretic follicles inUrsfitinl cell«, 

‘ t this point .a demonstration of spctioiis of the o\niy in iiltraMolet hglit is heljifiil 
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roppcr«(lWI)accounf t\nH«cneMapuide n 

and non fading fcrecn or liro\m fluowKcencc m cortm* atcrticiim actntw! trwgl*' ' 

fliiorc^crncc and in flio stroma ird brown and jollou colors Thi* Imc txf 

bid) loprotefmilful (Tedinifiue p 76) 

It js in<truefne to turn tbc clock back to Hcjmcnjs dc Gnnf.a jwing 
who in J672 de\otctl him clf as others are doing toifaa, to a si-«frmatic stn,h of 
rcpro(fucti\T5 apparatus Tlie doctnne at tint time was ffnt fcnnlos Me maW 
teste* Tbej were caDed testes mMfir6r« (L. muliebns rrhtink tn woman) and tV tPsv 
w Inch carried the ‘cmon to the utenw were knowm as Hie m*o */rrrnh<i nu/iervi In t^e 
uterus this female semen mwed \iilh male simen and an einlmo sometimes Iir 

Craaf concluded that the function of the te*«tcs muhebres was to iiroduee om and herr/iw* 
to them as o\ aries (L oramm an egg rwx^taelc) and to the tul<esBSo\ndiifts )h Mrvel 
that the oaa escapcil from the/olhclcsin theoannes and jiaanJ thruiigh t)K>o\>ji,r/«f 
utenis Not until the studies of von Bacrin IWwas thisfinalh pronvl He wrote 

It remained for me to aseortam the condition of ova m the ovan fur it necmol fl<*a/rr 
than dav that ova k> «imil na thost found in the tnhe* did not represint rr3.vfivn fs"i W 
expelled from the ovarj » and I did not con ider it probable thnt «ueh snlul l«rwl m 1 id lir*! 
coagulated from the fluid of tht vesicles Non contemplating the ovancs Icfore maV-' 
an incision Iclearlj distingvnshetlinalmoslcvm ve«jcIe,s 5 clIoni !i nliilepovntu'vattsf’^’t 
to thenafls which swam about ftcclj in the fluid when (hevc<iclc vrasprrwfupnifcit’ii 
probe I>«1 on bj a certain cviriO'itv rather than tnoveil bj hojie that with thf tivkoj n* 
I had 6Ccn ovu!e^ in the ovanes through all the coats of tlie (iraafiin folliclt I ofxnnj i 
vesicle and taking out a point in question on the blade of a knifi I placed it iifiiliT the m r-v 
•cope I wvs overcome with amarement when I aw the onile, mm rrtpgn’icil oiit i )> if 
the tubes so clcarlj that a blind man could lianlfj doubt it ^urdj it m »tnnirc an I urM 
pected that an object so pcrsistentlj sought for, and cndlc* Iv de^crilxxl a< inextrinU i 
even phv «iologtcai compendium could so ea«ilj hcpliceiiheforethcrves 

The above quotation is citc<i from Ilremer (1936) vvho rem irk* that in Ihnnsv 
the ova in mammalian ovaries whieh had long Iwi l>c)ieve«l to exist virn first ihPn idt 
seen withm the follicles one hundreil and lift} jears after the di covirj if lheTiiifne«r 
spennatoroa the existence of vi Itieh had nevxr lien fu«i»ected ' 

Hormone Prodaction — Nomcnchtiirc of s(t liorinones liis lam omiihml 
(p 321) I *tronf nl'O known os thcclm is proiliicwl hv tin fullieh ctlli 
iinothir tinn for It IS follicuhrliomioiic It i^thi principal estriviii I tmne on 
•uihHtaiKP imiistinprnslnlife from it cm nl^o be prixuiml fnmi jdjntv (p- ' 

willows {Kind Iilus ntwl n on) is well os from lignite mill pitroleiim (Dmo r •-» 

Ihit till l)i“it source of estrone is the iinnc of st ilhons m winch it i< rxcntri n 
fargi auiounta I or it to acciimtifite iii the bo«h would l»o tl« <n»f of the ’ 
In oarlv lift direction is given bv chromosomal inliiritaiKx but wt arc* 
niensurt lurrn iplirodiles ^\ehn\cinnlcniid ftmah nttrihiites Hu 

testo tinmc and estrone but the testosterone doniirntes mori and inure 
ovarw'^minufacture estrone and (estoskronennd thefonnntiun(ifi‘stri'n'‘tri np 
'^tirol iin t ilxilisin sets in u male orfinialcdireilion I nless then is an 

indiviiliial 1-. rhanefin ticallv inih or female for the rnnaimh r ot hn or ' 

Hut wurkmg with cirtain ninplnbia Humphrtvs (ir)3i>) Ins shuwn * ^ 
ovanes arc kqit cxiiitinuinislv from einbrvomc lib onw irvls uu'h f t 'e m ' ^ 
testes fh«\ Ix-eonu rt versed and thangt to testes In hinuaijs umevr 
more fixnl \\< arc fir rtmovcil from ovstirs who elnngc tlmr ‘X w 
vifiitnt 

Vroge Iff nr !>. imnuractiired In tht corpus bilcum which goesmtoa 
ov ubtioii liiit iiimim«"H for some tune its fonmtion of ‘*'**^'’*” ^tlTdt'e* 

Ns-undan b nii ui* ukI i<i oiih cfTettivt following t-strune on ‘ ^ 

i imi i< n< t f rtili/fs) flu iliiritionof lutcnlfum tjunislnnitrsi 'Ut * *^,,,11 «l ■* 

«* nif •<irt of i«n il i p I NttI to the corjiin iulcum to contnu!'' ds ai 
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inhibits further ovulation during the pregnancj*, regulates the environment for the 
developing embryo and continues to excite the mammary glands The structure 
of active and relatively inactive mammary glands is illustrated in figures 295 and 
296 

The ovary is geared up by the pituitary (Fig 288) . Follicle stimulating hormone 
accelerates production of estrone and luteinizing hormone that of progesterone 
Testis and Ovary Compared.— Though one is adapted to the production of 
siierms and the other to the manufacture of eggs there is an underlying similarity 
in the v ay the job is undertaken as well as in its hoi monal regulation 

Botli kinds of germ cells derive from the mesothehum covering the genital 
ridges in the embryonic body cavity. Both organs in the adult project into serous 
caiities, the scrotal and the peritoneal, but a lower temperature is lequired for tlie 
development of sperms than for eggs. 



I'lG 2SS— Oianan clianges in mice after implants of anterior lobe of pituitary. A, 
Aonnal, i?, tiio anterior lobes from adult female rats implanted each da}* for four consecutn e 
treatment for nine days. (Smith, m Allen’s Sex and Internal Secretions, 
u liliains it t^'ilkins Com])any.) 


i bis development takes place in special, ratiicr isolated, tissue fluid en\iron- 
innits Ihe degree of isolation increases as the later stages of spermatogenesis and 
"'ogene^is arc reached Thus, after the last dnision in the series, the spermatid 
in.ituro as a -^pcrni quite removed from the peritubular tissue fluid Exchange of 



.. - ^ ^ nnpre‘'sne is tnc 1*^01011011 o5 iiie egg 

nil ( n> fir.iafian follicle Ariixing and departing fluids must tr.ncrse the theca 
p triM . 111(1 interna as x\ell as an array of gnimilosa cells The'C intervening cells 
f 1 m *^ 1 ** referred to as “a bucket brigade ” And the egt:, uithin the 

T1 ' 1 '' thicker-looking cell membrane than the ''perm 

“t; (■ iromo'-oinal changes in inatur.ition are similar for both sjierms and eggs 
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in'ofar tint the number of clirumo-somes is h il\ wl Uut one Inlf of tlic jimi < 
carr\ an \ chromosome and the otlier half a \ chromosome wlnmn all tli<. 
lia% e an \ chromosome The sperms arcof course shed m much pmitcr mimlf r if n 
the epgs because the} are the ones that must find the epRsand billions fail to ih vi 
Andropen pro<luced b} the testis, conditions the mile <econda^^ m orpe^ 
and estropens, formed b} the o\aia, enluen the female oms BoUi orptu arc 
stimulatctl to make these hormones b\ pltultar^ ponadotropms of which there a-r 
tw o the follicle stimulatmp hormone (P S 11 ) and the lutcmizinp honnoiic (Lll ) 
named from their action on tlie o\ar\ 

Oserproduction of andropen and of estrogens is curheil h\ sumhr act< nf v!i 
denial Both tend to inhibit the production of the pituitar\ lioniimic which ha« 
tbeproperta of exntinp greater production of thrmsehes 

But the o\an has a function to stimulate for which the tcstii has nocoiinirr 


part nameh, gestation Tlicrefore it produces a sjH'cia! hormone prr'pe'trmrr 
which amonp other things prepares the uterus for implantation of the fcrtiliml 
egg This hormone has a similar self regulating action for (without milmncii 
I^II) It inhibits production of LH which as nlrcndv mdicatwl actuates tie 
corpus luteum cells to produce more progesterone 

Androgen maintains male sccondarx set org-ins 
Fstrogen maintains female sooondara organs 
Androgen production stimulated b} LII 
Fstrogen procluction stimulated b\ I SII 
Androgen inhibits production of rS II and I H 
Estrogen inhibits production of I S H 
increases production of L II 

Jlio fundamental similarita of these two orpns is fiirtliir larmplifiol h' tlf 
fact that each can to some extent shoulder the dut} of the other Thtii the ir^tn 
can produce estrogen The horse testis proiUiccs much iMnipcn Hie unne c 
stallions contains about 8 units per liter of andropen and manj thouvimb of 
gens Some tumors of the testis arc feminizing since tlle^ secrete e^tnvan'- 
o\aia can manufacture andropen, for inasculmizinp manan turnon ha^f ■'m 

reported Ovarian grafts when kcptatocool tcnipcnturc pnKliiccaiKlrugrm »* 

shown bv their maintenance of the seminal xcsiclcs and prostates m ra'traln in* f 

mice mwhichthcv would otherwiscatropha for lack of andropen (HiHoni isn rM' 

1030 IIil! 1937) Aloreovcr an oior} can Iw made to look more like « * 

least in rats m which Marx (1912) has inducctl partial transformation of (.raa-u 


follicles into seminiferous tubules b\ injection of testosterone 

Because there is considerable likeness m chemical eomi>osition >ctttcfti 
pens and estrogens this uhilitv of testis and oaarv to pmduro l»oth u im ^ 

Androptii can In jirodiicciJ b} the adrenal cortex and pmp^tirorie i c “ 
in the adrenal cortex and placenta as well ns b% the corjuis luteum 
sar\ to expand the list to show that some indnuhial hormones ' ^ 

(p ISo) cnri l>e manufactured bv cells in xnnous orpns wliicli after all .i 
much alike though tliev art basicalls similar in this common pn>|»e ' 

Faflopian Tubes - These are the ducts of the ovanw (onduc-tj) ■ 
ducts m the Udv which are not attatlicd to the glands th^ • ram 
discontmuits l>ctwccn ovancs ami I allopiin tul>es is a fun* amfri c 

orchitectuix of the female reproductnc ssstem and harks c 
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our remote ancestors. It is m the Fallopian tubes that fertilization normally takes 
place so tliat their structure and function is a matter of considerable importance 
Each tube begins laterally near the ovary and runs in the upper edge of the 
broad ligament to the uterus (Fig. 281). The external shape is familiar to all stu- 
dents working in the dissecting room. The tube is divisible into a tiumpet-shaped 
opening or mjmxdihulmn (L infnndibuhan, a funnel) which is described as fimbri- 
ated This leads medially into a dilated portion, the ampulla, which gradually 
narrows to the isthmus and expands slightly as it passes through the uterine wall 



I'lG 2S9.— Fallopian tube of tlmteen jeai old white female with Banti’s disease Post- 
fiperatne death from hemorrhage Autopsj' three hours postmoitem (Dept Patholog>', 
'VaMiingtou Uimersity No 10228, tissue obtained from Di R E Stow ell) 

"ill be observed that the mucous membrane is folded to form a .senes of gutters 
tomerging toward the uterus, but the length of each grooic is probably shorter 
lan is represented. Cross-sections of the ampulla look therefore quite different 
toin those of the isthmus or uterine portion The lumen is w ider and occujiied by 
an e\tremely plicated mucosa. The epithelium tliroughout is simple eoluninar or 
Ion ^ ^O'ak and E\crett (1928) recogni/e three txqies of cells: sccre- 
' . > peg and ciliated As the term snggC'its, the peg cells arc wedged between 
^^le^ot ion and are accejitcd as stages in their life e\ele The ciliated cells arc 
-.10, ter thtui the secretory ones Lucas (1939) has confirmed and e.xtended i>rc\ urns 
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uorV. th-W tUe courMi of t\w wlan stream w >mbitvVr» jvi\ m- ^Htnrrn 

and nround tJie pnnips pf non-cdiitH cc\U The Inmnn tidx i-i mt 'o.mp?rfrI» 
cilntod ns I’lrXer (lOJ’i) stitos fnr the cilntcd ctlls Uvomi rrhinrh K 
nuiiiirou^ as the uterus nenre<l TheceJUnre tnllcst dtinn;- t)ie;HniH) o/„», 
tion and shortest nt the time of imnstruation, which incin^ that tin «<>fTrf.'*v 
prmfuct ns well ns the cjfnrw motne power tmi \ars Ihca j> aho n. evil'll 
chanjrt in mtrwxHuIar fat which is most almnd int m mid internal (Hutomn t'f7i 
TJie epithelium is -^epinteif fnmi the imtscuhr coat b\ a httle Ust w.nnrctne 
tissue whicli extends up into the folds (1 1 /* 2S0) In the mu<ile cimilir Mtn 
prixfomimte hut there nre a few fiUrs that nm lonpitiidirnili Tliese omir 
isohtcif hands which arc not nil closch npphetl to the will of the tiiK 'v>mcan- 
pheed at a distance from it in the broad hpament winch enmts the tiik in it« far 
upper mir^m ConsequentK , transxerst sections often sliow tint one udi of tic 
Inllopnn tube is coitretl with pintoneum nioujth tin. istlmuu is aU.m the 
same sire as the ductus dthrtns nnd the ureter its structure is nnmiU ihihh Tlir 
cpitlulium of the ductus and ureter is not eilnted It con i>ts of t« a sintn of n I)i 
m the ductus and of scitral in the ureter where it is limited on the Itnnind stirfarr 
b\ Iart,e bloated ‘ tnnsitionxi cells The ductus is most stnuiffh niiisfiihtttl 
The I uMopiati tube alone lacks an inner lonptudinnl limr of imi tie Ibr onier 
lon^jtiidunl muscle of the ureUr and ductus does not spread info (he sijmiiiri<h ij. 
tissue in the same was Onli the part of the ductus pis mRoMrthmltnwliljc 
1 esscls IS eo\ crcxl w ith peritoneum Theuixter like the 1 nllopnn tiiW runshr# 
consulenble distance just beneath the pcritomuni 

riic pasiKiRc of epjts into and down the tube nnd the nioununt of 'jHniM up 
the tube from tlu uterus to meet them Ins Ijcen iiiU“stij:iitH) from nm 
conw\ible ingle Sec Hartmans (lO'ti) eritic-il niuw Tlu cHnlr^l Ijiiilar 
stretch out like fingers toward tlico\ar> Tim nre mu^cvil ir tunl nn iu«uc *!«i»b 
just ns tlic oian cm The mfundibuhr opening nnd the rupturing foUnK tnJi 
al“<i he brought closer together bj a \asciilar engorgement nnd swrlhiigol tbrj 5rt« 
Uc-stm in (hc Ifartinan) fixed the ovin and fimbruc 2 to 1 tm apart m riptn 
mental mimaU 1 out of 0 of which nevertheless concennl nnd hrotight hrth 
Muing iMilentlj tin distance is not so great tint n margin of vifiti iswinlii-* 
Ihe nti of moiiincnt of the egg along the tulie doubtless dipeiwb iilK’n the itn 
sistincv of till scxrction m the tube the dnmeter of the tube imixcuUrcontncttn 
and ciliirv ittion Tlie eilnrv moveintnt is toward the uttnn It n unsifr t ' 
make in\ jir<tnmuiconunt but in estiiniting iLs rf»lc the pij>ers of rurker (b‘5 ' 
nnd I utns I lO'iif.) aliould be consulted Tlie possibiblv must klxmic m mm.l mi 
the pnimrs duts of the cilia mav he one of cleiraiict m m the rrspiratorv t«'f 
n» pcri'>t dtic Waves ni the tulies hast iHaii din“ttlv observisl 1)\ nxnle»'iK' ' 
cxamimtion after filling with lodizciloil (HcJartlio l^U) Nomnlb thrv pnxp 
townnl tlu iitinis nn<l iniv well lie the principal factor in jmijHlling tlierg w m 

the dirtx turn nnv Ih rcvtr^sl Hie migration of ova thnaigb the tul>es iv* 

bv cxciMon of the itiqjora lutn (Comer 1028) nnd aixvKritisI 

pituitan cxtMct or jiri'gnancv unne C\^islockt and Sn\drr 

^jicnns mike tbtir w n ufiwinl is uncert iin 'l*be old eo««pt tt}^ 

long time in tlu tulH*s Ins to be imxlifiev! Tlie maximum isprouab v , 

davs instead of two or three weeks smet the men ivt m Irmjunturr a -o 

the tcstis and epidiilvniis vwn kills thim Tjiat the time * 

upon c\^ changes in uterine secretions W shown bs Kug'ila ( - ij 
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TTteras.— The uterus, a large pear-shaped sac, vrith well developed blood vessels 
and lymphatics (Fig. 290), in the wall of which two layers are recognized —endo- 
metrium and myometrium— is covered externallj' by connectu'e tissue and peri- 
toneum 

The eniomelmm (G cndon, within + indra, uterus) consists of epithelium and 
tunica propria Its structure is verj' different in the successive phases of the 
menstrual cycle, which is to be regarded as a regularly recurring preparation of 
the wall of the uterus for implantation of a fertilized ovum When this does not 
occur the state of preparedness cannot be maintained and the highly vascularized 
epithehal stratum, with the nutritn*e secretions elaborated by the uterine glands, 
IS carried away accompanied by considerable bleeding. This is followed by repair 
and renewed preparation on the principle of better luck next time The cycle is 



I'lG 290 — India ink injected iwnphatics of muscidaiis of pregnant utciiis of rhesus 
nioiikej seen fioin surface aftci remoial of seiosa and outei muscle fibeis On light is a 
topical collecting Ijanjihatic jia^sing toa\aid bioacl ligament X 31 (Fiom Wislocki and 
k'cmp^ej , courtesy of Anat Rec ) 


'anahle Init generalli lasts from t\\enty-fi\c to thirty-two dajs For convenience 
o description it is arbitral ily dnided into periods Unfortunately there is little 
agreement as to their terminology. The only sudden change in the whole process 
j'' 1 1 C appearance of the flow’ from which the days are always counted The fol- 
o\\ mg account is liased primarily upon Bartelmez’s monograph and review (1933 
anr 19.>7), following his earlier account (with C Bciislev) of tlie cytology of 

tlH- mucous membrane (1932) 

V^uhfcratiir period begins witii the fifth or sixth day and last.s tlirough 
le ourtccntli day It completes the postmcnstrual repair. A section of the 
nuKou> incinhrane on the eleventh day is jircsentcd in figure 291, A Tiic surface 
a lutn is simple eolmnnar in type. Three \arieties of cells are pre-ent in order 
'it ' -“cfretory, ciliated and rod cells, but the.-c cannot be di.stinguislied 

K ow magnification of tbepbotomicrograph. The extraordinarily large nunilier 
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Fig. 291 — Stages in menstrual cycle continued in figure 292. A, Proliferatnc, elei enth 
day ]Mucou? membrane, 2 1 to 3 mm thick, largely reorganized so that only basal zone 
stains dcepl}'. Surface epithehum mosth' columnar 'vnth frequent ciliated cells Arterioles 
and ^ enules difierentiating in superficial third \vhere reticulum is almost completel}' devel- 
oped Cilands straight except for lower ends. Tj-po I secretion but traces of glycogen. 
Mitoses verj' abundant (O’Learj', .\ni .T Anat ) B, Prograi id, tiven t 3 '-third daj' Asso- 
ciated With a corpus luteum AIucous membrane, 2 S to 4 8 mm Glands meandrine and 
sacculated dmvn to muscle T}-pe II secretion with abundant glj'cogen. Tunica propria 
edematous Artenoles reach to surface epithelium Alitosis (Bartelmez, Contrib to 
Embrx'ol ) C, Prograi id, twentj'-eight daj'. Associated with a corpus hitcum. Just 
before expected iieriod AIucous membrane. 3 7 to 4 9 inrn Gland® distended vith Tj^pe II 
secretion Stratum compactum indicated by edematous outer zone (Bartelmez, Contnb. 
to Erabiy'ol.) 
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and checked by a peculiar reduction in the flow of blood. An ischemia (G. ischo, 
I keep back -f haima, blood) sets in despite the fact that some of the arterioles 
may have open ends This may be partly explained as a consequence of tire peculiar 
structure and action of the arterioles It has been found that they possess bands 
of longitudinal muscle fibers immediately beneath the tunica intima, geneially 
on one side The only other place m the body where this obtains is in the arteries 



Fig 204 — Sections and smears of rat’s A'agina to show c;row*th reaction fiom theelin 
-I and B, Control, ten days after double o\ancctomy C and D, 0\ ariectomized animal, 
ten dajs after first "Jeiies of tlieelm injections (Allen, Sex and Intel nal Secietions, Williams 
Wilkin« Company ) 


of the erectile tissue of the penis Maintenance of normal tone of this muscle may, 
as 111 the penis, produce bending of the vessel and reduction of blood flow, while 
relaxation facilitate-^ blood flow. It is possible that with degeneration and the 
liberation of toxic substances ner\e terminals are stimulated, and that on reflex' 
contraction of the longitudinal muscle contortion of the \essel wall and decrease 
in width of lumen result IIowe^er. this may be, it is certain that the arterial 
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tissue, nourished bj' arteries and innen'^ated by nerves The functional anatomy 

of the uterus is presented in exienso by Ivy (1942) . 

Vagina.— The vagina is a distensible tube, lined with stratified squamous epi- 
thelium, a lamina propria containing much elastic tissue and coated with muscle, 
which leads from the uterus to the exterior At first sight an isolated section may 
look something like the skin Though the epithelial cells contain keratohyalin, 
the surface is moist and not ordinarily cornified Cornification, however, results 
from lack of sufficient vitamin A in the diet The tunica propria often contains an 
abundance of Ijunphocytes, perhaps even lymph nodules which are never found in 
tlie dermis through which absorption is very much less There is no counterpart 
for the sudoriferous and sebaceous glands of the dermis The only glands present 
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Fig 296 —Physiological changes in mammary glands of white mice. A, Stimulated to 
activity after partuntion, B, involuted five days (Turner and Gomez, TJniv. Missouri 
Agric Exper Station, Research Bull ) 

are a fen of the mucous variety in the vaginal /orm.T, a kind of blind pocket, behind 
the projecting uterine cenux. They are of the cervical t^qie Neither are there any 
sense organs like those of Meissner The interlacing of smooth muscle fibers, the 
longitudinal ones of which are most numerous, is t.\q)ical Striated fibers form a 
kind of sphincter at the opening The fatty areolar tissue which underlies the 
epidermis is absent 

Like the other accessory reproductive organs, the vagina is held in good con- 
dition by adequate supplies of estrone (see Fig 294) and vitamins. It exudes a 
1 iscid fluid vhich contains mucus derived from the glands of the vaginal fornix and 
cen iv and secretions and cells from the uterus The systematic study of vaginal 
smears of the guinea-pigs by Stockard and Papanicolaou (1917) afforded data by 
which rhMhmic alterations in the ovary and uterus could be accurately timed and 
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MAMMARY GLANDS 

in the sexes is that the urinary tract is not utilized in the female for the discharge 
of sexual products The clitoris corresponds embryologically to a part of the 
penis. It IS made up of two erectile bodies and a rudimentary glans. The vesti- 
bule is equipped with small glands not unlike those of Littre and with two larger 
ones, the glands of Bartholm, which secrete a lubricating mucus The latter 
resemble the male bulbourethral glands 



Fig 29S — Showing effect of theelin and corponn on the mammarj^ glands of rabbits. 
T, After prehniinarj' action of theelin causuig growth of duct S3'stem of a castrated rabbit, 
corponn was injected for twentj'' daj's The ducts showed shrinkage m diameter and there 
was no lobule proliferation B, A second check gland removed thirtj^ days after the corporm 
extract injection Note further involution of ducts C, Alammaiy' gland of a castrated 
rabbit after IS daily injections of theelm and corponn together resulting in an extraordmarilj' 
luxuriant growth of lobules X 25 (Turner m Allen’s Sex and Internal Secretions, 
Williams & Wilkins Company ) 

Mammary Glands —These are of ectodermal origin. They are dei'eloped as 
ingrow'ths of the surface epithelium. In the adult they constitute large, branched, 
tubiilo-ah eolar structures which discharge by several ducts at the nipples The 
appearance of tlie secretory tubules and alveoli is seldom uniform throughout the 
giand and varies profoundly in different stages of functional activity, ^^^len 
the lumina are dilated with secretion (Fig. 295) a section may look something like 
the thjToid for the contmuitj' of the spaces is not evident The distinctive features 
of the mammarv glands are abundance of fat in the lumina and within the secreting 
cells and strands of smooth muscle in the interstitial tissue Aloreover, the distal 
margin formed by the cells is irregular and ragged Some of them project much 
farther into the lumen than the rest Inactive glands (Figs. 295, 297), on the 
contrarx, arc very dilTerent from the thvroid The lumina are collapsed and the 
)ntc^^tltIal^ tissue is increased in amount In humans this increase is largel.v made 
up of fat. J he c\ tologx' of the process of secretion has been investigated bv lYcather- 
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INTEGRATION OF ACTIVITIES 


structures Nature, however, guards against mechanical injurj^ by the peculiar 
sensitivity of the nerve supply 



Integration of Activities. —Figure 2i)i> is intended to indicate n lint little is known 
of the corropondence in tunc between cyclical changes in the female reproductiie 
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appantus in the ah'* nrr of pT^mne^ Itw un^fr to avtmir tint I'rcamr 
tlint hnpjw'fH in 1010111% tJto simr occurs tn Iiiimnn* Fxen the htimm rxrJ** 
•iihjcrt to cun iclrnWr imlix niuil iinatioii 

In tlip omn/n matuniu: follicle MsmJh niptiirrs oroMihtr' vwnctinielyiKrn 
tlip twrlfih nntl fifteen cbv after tlic men tnul flow ippein rxtrrralK Tie 
omm KOI licil into the I illopnn tiil»e and the rollip^cif follicle dexefop* mt > a 
corpus lutrum Tins wihrpes hut nnIcM the mum k fcrtilirwl and Iwtvin 
unphntftl in the prrparrtl uterine mit(i»si of the propn'id «fnce it rr,rrrs-vi to 
fonn a %cir hluc niri)U’« alhicniK \s indirntni hx the ciirxc the inanufarturr t»t 
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presence of a sex center in the hx-pothalamus. According to Hartman (1939) it is 
certain that sexual stimuli from various parts of the body flow through the hj-po- 
thalmus to the pituitary where they increase the output of gonadotropic hormones. 

Placenta.— Space does not permit reference to structural changes during preg- 
nancy but the placenta which unites fetus to uterus should be mentioned in passing. 
Placental villi from the fetus burrow into the uterine decidua. The invading cells 
are of somewhat irregular size and are said to look more malignant than any others 
normally present in the body. The association between fetal blood in the villi and 
maternal blood surrounding the villi is very close (Fig. 300) It is not surprising 
that the baby shares for some months its mother's immunity to certain diseases 
Radiosodium has been employed by Flexner and Gellhorn (1942) to measure rates 
of placental transfer. Estrogen, gonadotropic hormone and progesterone have been 
reported as being produced by the placenta. The case for the last named is the 
most satisfactory 



Amniolic canty 

Maternal bloodspaccs 
Maternal artery 


^ 1 Uterv, 


Uterine initscnlan^ 


Fig 300 —Diagram illustrating close association of maternal and fetal blood in the placenta. 
(Redrawn from Bremer, Tertbook of Histology', courtesj' of P. Blakiston Son <fc Co ) 


SDIVIMARY 

Reproduction is one of tlie most necessary' of all vital activities, for individual 
living units cannot last for ever The stream of life must be maintained whatever 
the environment and habits of life of the organism. C onsequently this system, and 
partienlarh the female one. presents a wide variety of special adaptations In 
human' the eggs po'-'Css a good deal of energc* stored in the ectoplasm which, 
hnc'ecer is very much les? than that with which forms below the mammals are 
endov ed Thou'and' of eggs are produced only to die in the o\ aries, while hundreds 
are made acailable for the 'perms in the Fallopian tubes. But the eggs do not lie 
m wait for anc con'iderable time. Hartman (1932) remarks, “\Miat a fertile 
organi'in the human 'pecie^ would be if this were the case The marc el is not hoev 
ferule but hov 'tenle is humanitc.” Rhcthm i= likewise a fundamental cital 
attribute and it i' better exemplified by thi' repeated preparation for pregnancy 
than be anc othtr prncc" To proc ide it. Nature has ‘•urpa"cd all her other efforts 
in f ndnerinc regulation Thi' ha' been do'f ribi'fl from the standpoint of progres'ic e 
(coiution lu Allen ^‘32) Tf> the pnmarc 'C-x hormone, estrone, 'he has added 
otlu T' witli d. finite dutiC' The nketc ot the adjustments and the interlocking of 
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SKIN 


Having described the systems of the body, with due emphasis on the blood 
^ ascular as the principal integrator, it is natural to conclude with the skin which 
encases all the living tissues and organs, unifying them, protecting them from the 
environment and informing them by its sense organs of changes m tlie outside world 
to which they must adjust themselves if the individual is to survive In the space 
of a decade or two the science of dermatology has undergone a renaissance compar- 
able to the discarding of old notions and the discovery of new facts about the female 
reproductive system, but for different reasons Allergy has become fashionable, as 
veil as important, and m it the skin plays the star role Manj^ of us, who have 
become virus conscious, find that the skin is affected by many of these intriguing 
disease-producing agents The appearance of the skin has become recognized as a 
by no means to be ignored indicator of the condition of the body beneath Millions 
of dollars are spent every year m disguising it Dermatology is included by Gregg 
(1940), Director of the Division of Medical Sciences of the Rockefeller Foundation, 
in bis considered estimate of fields of medicine ripe for development 


Orientation should be given to microscopic study by making a pieliminaiy survey of 
Imng skin all over the body Begin by comparing movable skin with skin firmly anchored 
to the underlymg tissue and skin m exposed and protected situations With the help of a 
hand lens examme the surface pattern, hairs, scars, moles, etc Numerous illustiations 
provided by Wolf (1940) will be of assistance Obtain an idea of the thickness of the av^ascu- 
ar epidermis by sterilizing the back of the hand with alcohol and cutting small thin slices 
parallel to the surface with a razor blade until a trace of blood appeals Correlate depth 
vith sensitivity, bleeding and microscopic structure Pull out bans Examine them micro- 
scopically and the hair pits with the hand lens The pits are likely sites of invasion by 
tnicroorgamsms Very revealing is exammation in ultraviolet light “Blackheads” show in 
indmduals remarkable red, white and yellow fluorescence as desciibed by Figge 
^ ^ Some infected hairs fluoresce green Scars, pigment, lipstick, true and false hair 

ee 1 , the tongue and other structures fluoresce in characteiistic ways 


pidermis.— This sheet of tissue, enshrouding the body, is thinner than we 
usua y realize Except in a few areas, like the palms of the hands, it is so thin 
^ w 1 seen directly from the side it would be quite inxusible The thickness of the 
^ 1 ermis in the antecubital fossa of young males measured in x^ertical sections is 
sbr ^ (Evans, Cowdry, Nielson, 1943) Making a generous allowance for 
apparent that in vivo the thickness often is less than 100 fi, which is 
not I ^ naked eye visibility provided that the presence of the structure 

g ntrayed by reflection or by differences in character of surrounding materials 
fl'at tl ''’hole skin in dilute acetic acid the grip of the dermis is loosened so 

(Tccl can be stripped off, stained and examined as a wdiole mount 

hgbt Even a preliminary study of preparations of this sort brings to 

arc ill' unsuspected epidermal patterns Some of these, seen fiom within, 

'’taincd'' figure 301 The tiny dark and gray spots are the hematoxylin 

from tl -j epidermal cells In “A” x'ery thin epidermis is shown viewed 
'e iiisi e. The duct of a sweat gland is included In “B” thicker epidermis 

(3G7) 
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projects in rounded papillsfi up toward the observer, that is into the dermis The 
epidermal sheet is continuous, but it is not everj"s\diere photographed because the 
focussing was on the papiUm In "C” a network of epidermal ridges is represented 
in the substance of which are circular, lightly stained areas of very thin epidermis 
In “D” the epidermis is much thicker and there are areas where none is seen since 
they are out of focus Curious rounded clumps of cells extend into them from the 
sides In “D” still another pattern is illustrated of widely spaced ridges with fewer 
contained light areas . 

The value of the study of whole mounts of epidermis is not simply the establish- 
ment of regional patterns, though these are expressions of special services performed, 
but m the discovery of early lesions which might well be overlooked if sections alone 
were examined Since the nuclei m mitosis can so easily be counted in relation to 
the non-dividmg ones, it has been possible for Cooper and Schiff (1938) to find that a 
mxtotic rhythm exists with maximum fiequency at night and minimum by day This 
is probably the answer to the queiy so often heard, ^^^ly, if the epidermal cells are 
inultipljdng to make good losses from desquamation, do we find so few mitoses in 
sections of the skin’ The ordinary practice of fixing tissues during the day obvi- 
ouslj’ involves examination when mitotic frequency is at a low ebb 

Introduction of another method of loosening the hold of dermis on epidermis by 
heat (Baumberger, Suntzeff and Cowdry, 19-42) peimits the collection of epidermis 
in a condition suitable for chemical analysis Thus is overcome a stumbling block 
to accurate determinations because heretofore variable amounts of dermis were 
included m the material analyzed Already significant data on the chemical changes 
occurring in precancerous epidermis have been discovered (Carruthers and Suntzeff, 
1943). 

But epidermal stratification and some other phenomena can best be e.\amined 
in sections Students are often perplexed because they may not see m a particular 
section of the skin all of the strata described in textbooks This is only possible 
when the epidermis normally is very thick, as in the palmar and plantar surfaces 
(Figs 302, 303) 

1 Stratiiin basahs This consists of epidermal cells actually in contact prox- 
imally with the basement membrane and consequently nearest to the dermal tissue 
fluid 

2 Stratum spinositm Here there may be several layers of cells ivliich are larger 
than the basal ones and are equipped nith spine-like processes The spines appear 
to join neighboring cells together, as is indeed indicated by microdissection (Than- 
hoflcr, 1933) These two strata are sometimes grouped together under the heading 
of stratinii gcrminativiim for cellular multiplication can take place in both of them. 

3 Stratum qranulosian As the name implies this is a stratum m which the 
cytoplasm of the cells is loaded nith granules 

4. Stratum htciditm Here the granules seem to flow together with the produc- 
tion of a clear, lucid appearance 

5. Stratum corncum In this layer, vhich may be vider than all the rest of the 
epiderinib put together (Fig 301), the cells die, become dehydrated and keratinized. 

IN ith decrease in thicknes^^ of epidermis, in other regions, these strata fade out 
m the follow mg order first the stratum lucidum, then the stratum granulosum and 
finally the <;tratuin spinosuin But onlv m ^cry thin epidermises, as in tho'^e of 
mue. doe^ one corninonly find onl\ a basahb and a corneuin represented each by a 
single row of cells. As an\ very thin epidermis becomes thicker in rc'.ponse to new 
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most favorably placed for the receipt of necessary materials and for the disposal of 
waste. Those more removed are handicapped, while for others still farther away 
life becomes impossible They die, but continue to serve as an essential dead, 
protective coating all over the body only to be gradually discarded as other cells 
rise and take their places This gradient from the quick to the dead, frorn water 
rich to dried up cells containing much rather insoluble horny material, is only 
feasible in so thin a layer because the epidermis is everjivhere avascular and the 
cells are so closely fitted together that fluid exchange is strictly limited The plan 
of construction reduces epidermal tissue fluid to a minimum 

The factois involved m the steady maintenance of this gradient, within the 
different thicknesses of epidermis of the skin in various regions, are unknown Also 
to be discovered are the factors which operate when a given epidermis thickens, 
comes to be made up of more cells, in other words, becomes hj-perplastic Some- 
where m the epidermis replacement must be provided by a strain of vegetative 
intermitotic cells comparable to the so readily identified spermatogonia in the 
testicle '\^^lere the epidermis is two cells thick it is certainly tlie basal cells im- 
mediately in contact with the basement membrane that on division produce some 
daughter cells which, like them, are vegetative and undifferentiated, while others, 
unlike them, are pushed a little nearer the surface and become differentiated With- 
out this reserve of vegetative cells the epidermis would soon differentiate itself out 
of existence owing to failure of replacement 

In thick epidermis cell division is not restricted to basal cells but includes many 
spinous ones The zone of replacement is wider To localize in this zone the layer 
in which cell multiplication is at a maximmn is difficult Some claim that it is in the 
spinous layer (Thunnger, 1928) not m the basal layer ^Miere this is in fact the 
case it does not mean that these spinous cells are here the vegetative intermitotics 
and that some of their descendants shift toward the surface to take the place of 
worn out corneal cells and that others move inward to replace basal cells. On the 
contrary, it would simply indicate that these particular spinous cells are differentiat- 
ing intermitotics on a par with rapidly multiplying spermatocytes in the testicle 
and are derii'ed from the basal cells as the spermatocytes are from the spermato- 
gonia In both situations it is the single layer of cells nearest to the underlying 
tissue fluid v hich carries on the line Evidently the possibility must be entertained 
that the position of the level of maximum frequency of cell division may shift in 
both distal and proximal directions in different physiological and pathological con- 
ditions This IS more than an academic question because it is involved in our 
inteqirctation of benign and malignant epidermal hj'perplasias 

That epidermis regenerates promptly, when some of the cells remain alive, is 
common knowledge It is also well known that when all the epidermal cells are 
killed right down to the dermis the living cells from the side will spread quickly over 
the defect and form a new epidermis if the distance is not too great No one, how- 
c\ or, has inan.iged to determine the time required for normal replacement in the 
absence of injury. The trouble is that there are no data on time consumed in an 
epidermal mitotic division, on life span of the differentiating intermitotics, on the 
number of the-se cells in the series, or on the life and death span of the final postmit- 
otic corneal cells. Tlie .speed of regeneration after wounds and the length of life of 
epidermal cells in tissue cultures are not infallible indicators of time relations in 
normal maintenance 

In the course of de\clopmcnt sheets of epidermis come togctlicr along “fusion 
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material burnt away, is illiL'trated in figure 316. This tecimique combined with 
histospeetrography.* is capable of demonstrating important facts. For instance 
:MacCardIe, Engman and Engman (1941, 1943) have found a cutaneous magnesium 



I IG. 305.— Dopa-po=iti\e cells in epidermic. A, From slun-nonna! Caucasian breast; 
Pr from abdomen tannefi bj- roentgen-ray ex-po-nire. shouang many melanin granules; C, 
from norma! negro breast, hkemsc containing a lot of melanin nhich rather ob'curcs the 
dopa-posithc cells tl^idiaw, -Vnat. Rec.) 

deficipnci in m uriidennatitis fa form of ccrcmaj — tlic first '-mli dcficiencv to he 
<ii'Co\cna! in man 

More liglit is needed on the rc^pori-fireric.’^'!’ of the luing fraction of the epidermis 
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1934 This seemingly inert pigment is greatly increased in amount in some highly 
malignant tumors (melanomas) Frequently ability to produce the pigment is 
possessed by them and can be demonstrated by the very useful dopa oxidase but 
the tumors themselves may not be very dark and are therefore called amelanotic 
melanomas 

Much has been written about the types of cells in the epidermis The basal 
spinous, granular, lucid and corneal cells are regarded as stages in progressive 
differentiation of a single tjqie The above mentioned melanoblasts may be simply 
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Fig 306 —Clear cells of epidermis Biojisy specimen from right cheek in woman aged 
fifty-seven, hawng basal cell caicinoma of light forehead Bourn fixation, H and E X 595 
(Barnard Hospital, No 90840, lent b}' Dr Zola Cooper ) 


ordinary epidermal cells that for some reason are more active melanin producers 
than the rest Certain "clear cells” have been described and are illustrated in 
figure 306 They usually occur near the basement membrane and, perhaps decep- 
ti' ely, look empty Those situated nearer the surface are particularly in question 
lecause of possible confusion with mesenclixunatous invaders Evidence is uncon- 
' incing that typical clear cells are anj thing more than the usual run of epidermal 
modified Some hold, however, that they are the tactile cells of Merkle 
am iaiiMcr, others that they are melanoblasts. still others that they give rise to 
mo es (sec roxiew b\ Omisby and Montgomery, 1943) 
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Before passing to a consideration of dermis it is desirable for students to compare with it 
at least the stratified epithelia of the tongue (Fig 110), esophagus (Fig 112) uimarj' bladder 
(Fig 191) and vagina (Fig 294) Marked diffeiences will be found in pigmentation, keratm- 
ization, lamination and other features although all are constructed on the same fundamental 
plan 

Dermis.— This base, upon which the epideimis is built, extends from the epi- 
dermal basement membrane to the subcutaneous tissue the beginning of which is 
not sharply defined especially where the skin is tightly bound down as in the palms 
of the hands and the soles of the feet 



Ski?}, liieniij ijear old white male 



Skin, cigMij-six ijcar old nhitc male 


I'in ,10S —Biopsy ejiecimens of joung and old antccubital skins Xote Ic'^s folding in 
the latter and dilTercuce in appearance of denms Bourn s fluid and II and E X ^00 
(I'roni E\. nils Xiebon and Cow drv, courtesy of Anat Bee) 

\Micrc the epidermis is thickened and projects as ridges, seldom as papillm or 
peg-, into the dermis (] ig 301) two p.irts of the dermis are recogni'/od The outer 
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■Wlicrt on the other Innd the epidermis is f-iirlj flat siith ftn nd*r< 
p ipilhns !•> inconspicuous, or lacking and the derraus cxhiluts on!\ the rfi-Tlf 
rt ticuhris 
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present in variable numbers Phagocytes, which take up melanin, made in the 
epidermis, are labelled chromatophores because they become colored The pig- 
ment characteristically is present in cytoplasmic masses of irregular size Com- 
paratively staple mineral and vegetable pigments are pricked through the epidermis 
into the dermis in tattooing. They, also, are segregated in the macrophages and 
exhibit a truly remarkable permanence in the body, which, in other respects, is such 
a changeable structure We do not kno\s^ how long the charged macrophages indi- 
vidually live, but they ultimately disintegrate, when the released pigment must be 
very promptly ingested by other cells of the same sort, for otherwise more of it 
would be cleaned out via the lymphatics and deposited in^^regional lymph nodes 
where only traces can be detected Blood vessels are of course numerous, likewise 
nerves and Ijunphatics for the avascular epidermis above must be nourished and 
the dermis is subject to injury and invasion by microorganisms. 



Fig .310 —Cutaneous end-organs and sensations (Starling's Human Physiologj-; courtesy 

of J and A Chuicliill Company, Ltd ) 

T)ic less constantly occurring constituents are sense organs, hairs and glands 
U hese M ill be separately discussed later The distribution of muscle is sharply 
locah'/ed Striated fibers merge witli the dermis of the face (muscles of expression) 
and with the mucous membrane of the tongue. Smooth fibers are associated with 
the hairi, and arc found m a large sheet connected w ith the scrotal dermis. 

Ill examining sections of the .skin remember that as soon as skin is excised the 
( emus Starts to draw itself together— a process increased In fixation— so that folds 
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covered by Lombard in 1912 This ability, vrith an ordinary microscope, to look 
through the epithelial investment and watch the behavior of the peripheral blood 
vessels in health and disease and to record the changes by moving pictures, has 



A li 

I TG 312 — Succe^sne sKngca in the dislnbution of dye dunng injection into the skin 
of ti\o nidn idmP Patent blue T in 11 per cent solution vras used— 0 1 cc in A and 0 2 cc. 
in B Tlic photogra})!)? ivcre selected from a mo\nng picture film to show the exact coui^e 
of e\enls and individual differences (Hudack and 2iIcMaster, J Exper Med) 

been productive of significant advances Wlicn the skin is cx-amincd dircctlv 
the capillarv loops in the papiilm are seen end on A more favorable view is secured 
of the vessels in the thin fold of skin covering the base of the finger nail, for here 
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they stretch out in a distal direction parallel to the surface Figure 311 gives a 
faint idea of the range of appearances seen. It is copied from hluller’s (1922) 
hlonograph which contains illustrations of a quality that has never since been 
equalled 

The dermis is a place where emergencies must be met It is tlierefore not sur- 
prising that Jymphaiies are provided in abundance as a supplementary means of 
draining away materials in the tissue fluid whose particle size is too large to give 
entry into the blood stream IMien not dilated these vessels may not be readily 
identifiable They are shown expanded under the buccal mucous membrane in 
figures 55 and 56 They can be quickly demonstrated in human subjects by injec- 
tion of India ink (Fig 306) McMaster (1942) has thoroughly presented what is 
known about lymphatic participation m cutaneous phenomena 



Fig. 314 —Diagram of human hair follicle a ertical to the surface of the skin 

Hairs.— These epidermal appendages are of great interest They function 
chiefly as a supplementary protective coiering, which, since it retards air currents, 
also reduces loss of heat Hairs, with their associated sebaceous glands, are illus- 
trated in figure 314 They are placed at an angle and show a typical fluorescence 
ni ultraviolet light. The sebaceous glands near their roots fluoresce more strongly 
after application to the epidermis of the carcinogen, metlnlcholanthrene, whicli 
Itself IS fluorescent 

Structurally each hair consists of a shaft projecting from the surface and of a 
root micased m a follicle (Fig 314). Tlie shaft possesses a thin coiering of dead. 
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As would be anticipated, both masculinizing and feminizing hormones influence 
the growth of hairs in classes 2 and 3 Ordinary baldness is inherited in the males 
and skips the females However, male hormone dommates baldness gene, for those 
who by inheritance would be bald are not so if castrated early in life They do not 
receive the hormonic stimulation which is an incitant to common baldness, in its 
absence the baldness gene does not operate and their heads are well covered with 
hair (Hamilton, 1942) 

Sebaceous Glands.— These glands produce a fatty, oily substance, sebum 
(L tallow) They are usually closely related to hair follicles (Figs 312 and 313) 
Their secretion, poured out on bail's emerging from the pits, conditions and covers 
the nearby epidermis In some parts of the body, which are not hairy, sebaceous 
glands discharge directly onto the surface (glans penis, labia minora, lips, etc). 
None are found m the dermis of the palms and soles 

In structure, as well as in development, these glands are inward projecting 
epidermal appendages lodged in the dermis The ducts are lined wdth stratified 
squamous epithelium continuous externallj" with the stratified epithelium of the 
secretory sacs The cells of the sacs undergo a fatty metamorphosis and those next 
the lumen are discharged into it, hence the name holocrine (G. holos, all, + Icnnd, 
separate) signifying that all the cell substance, not merely a part of it, is separated 
out The testicles and the ovaries belong also in this category since their products 
are whole cells By contrast, acinous cells of the pancreas are examples of another 
large class of merocrine glands (G meros, a part), so named because only a part (the 
secretion) is thrown out 

Because the products of sebaceous glands are fatty cells, two factors present 
themselves for consideration The first is the production of the cells Scrutiny of 
sections seldom reveals mitotic figures in the basal cells of the sacs; but a few of 
them may occasionally be seen in the deeper layers of the epithelial walls of the 
ducts Whether a mitotic rhj'^thm exists with peak of cell division at night, as in 
the epidermis, remains to be determined. The cells evidently shift from the ducts 
into the sacs to make good those lost as secretion It is a logical assumption that 
the new cells are produced in crops in young persons who are subject to acne, for 
the plugging and infection of the sebaceous glands is periodic as if hormonic stimula- 
tion by androgens, or bj^ estrogens, were also periodic Castrates do not suffer 
from acne 

Perhaps this stimulation changes tlie character, as well as the amount, of the 
fattj metamorphosis The fatty change invoh es accumulation in the cytoplasm of 
fatty droplets, readily stainablc with sudan III The volume of the cells increases 
moderately, but ne\ er reaches that of fat cells, and the droplets do not coalesce as 
in fat cells. Ignorance persists as to the physiological mechanism of control Cer- 
tainly tlie impulse to produce sebum is insistent When the openings remain blocked 
‘accretion continues and large sebaceous cysts may form There is marked regional 
difference in sebaceous glands All do not de\ clop acne The meibomian glands 
of the e^ chds show peculiarities 

Sweat Glands.— In main particulars these glands differ sharply from sebaceous 
one-, Tlicy are more widely distributed in diftcrent regions of the body and are 
le.ss eoniinonly found in the animal scale Sweat glands are abundant in mules, 
donKe\ s, humans and a few other mammals but students will look in vain for them 
in most laboratorv ammah Their secretion is thin and w.itery, not cellular, and 
they discharge on the crests of epidermal ridges, not in hair pits 
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dermis to the underlying bone But this layer underneath, the lunula, is particu- 
larly thick so that the lunula appears whitish partly because the color of the blood 
is blocked out The root is similarly based on germinativum which constitutes its 
matrix It is by cormfication of the cells multiplj'ing in the matrix and beneath 
the lunula that the nail grows. Its substance shifts distally over the stratum 
germinativum which remains stationary. To the initiated the appearance of the 
nails IS very revealing as to their owner Thickening and thinning, transverse and 
longitudinal ridging, white spots, all have their significance (see Ormsby and 
Montgomery, 1943) 



Fig 316 —Abdominal skin (of an executed negro, aged thirty-two years), frozen in 
liquid air, dehydrated in vacuo at —20° C Si\-micron section incinerated and photographed 
m the dark field The light reflected from the mineral residue is particularly marked m the 
epidermal layers Note that the amount of ash left bj" the deeper strata is the same as 
that of the most superficial ones X 300 (Photomicrograpli by Gordon H Scott ) 

SUMMAEY 

Tlie skin is a very wonderful mechanism Sliglit wounds are continually being 
repaired Great strides hax e been made in our understanding of the factors involved 
(Arey, 1936) It also renev s itself continually Figui e 31 7 represents the skin of a 
V oinan aged one hundred and eleven years Its excellent condition is impressive 
The prokciion afforded by the skin is of many kinds The mechanical advantage 
of haxing the bodv coated with an almost impermeable laxer of dead material is 
exident The living reactile cells beneath arc shielded from pathogenic micro- 
organisms and many gases and vatcr-solublc jioisons because the stratum corneum 
1" conditioned by a fatty ‘secretion from the sebaceous glands Bacteria do not 
grow well on the 'surface. Some bcliexe that the epidermis is shghtlx bactericidal 
file absorjitixe screen afforded by melanin against ultraviolet light has been 
mentioned B])idermis and dermis cooperate in protection against mechanical 
injur\ and extremes of tem])crature Heat is retained by hair and is increased by 
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sugar present in excess and releases it again when needed It also takes part in 
many immunological reactions 

Ob\ iousiy the epidermis must be maintained by the internal tissues It receives 
oxygen, water, nutriment and vitamins by the blood stream, also various hormones 
The latter may be divided into two groups, those produced by the thyroid, 
adrenal, pituitary and perhaps other endocnnes which are necessary for its normal 
function, and the primary sex hormones which excite alterations in the epidermis 
and its dern atives leading to the development of certain secondary sexual character- 
istics The nervous system also helps to regulate the caliber of the cutaneous 
vessels and the activity of the cutaneous glands The influence of the emotions on 
the skin is sometimes startling The claim that local changes can be produced 
in the skin by hypnotic suggestion remains to be substantiated The skin may 
suipass ei en the liver in the multiplicity of its functions 
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It can hardly be doubted that pwrision of different fluid enviromnenis yiaJces 
specialization possible and can be regarded as a cardinal principle in body building. 
The tissue fluids of each group of cells, serving in a particular way, are in fact 
nicely adjusted to their needs Levelling uniformity, or equality, is not the order 
of the day. We have seen, that some groups require a tissue fluid sen'ed by an 
abundant blood supply (th\Toid, kidney), and others so little blood that they are 
styled avascular (epidermis, cornea, cartilage) ; that some are provided with hm- 
phatic drainage on a generous scale (lungs, intestine), while others are alymphatic 
(bone marrow, brain); that some, near highly permeable sinusoids (liver, spleen), 
reteive materials denied to others supplied by less permeable capillaries (arms, 
legs); that some need more heat to function properly (ovaries) others less (testicles) 
and so on almost ad infinitum . 

That the volumes of tlie several tissue fluids are adjusted to requirements and 
held fairly constant is clear. Though a few are measurable in cc and many in c fi, 
all are of considerable size in proportion to their minute cellular inhabitants. That 
their quality is in many cases also characteristic is attested by numerous observa- 
tions We immediately recall the thm watery cerebrospinal fluid, the fluid in the 
anterior chamber of the eye which tj-pically fails to develop species properties so 
that it, seemingly alone, is suitable for transplantation of tissue from one species to 
another, the slipper}' joint fluids and the fluids stiffened by mineral deposition A 
measure of segregation of cellular activities in these environments is every bit as 
fundamental a feature in architecture as is the joining of activities by integration 
More or less permeable partitions and supports giving form and special organization 
are essential, for, if everything were mixed together, nothing could be accomplished 
either in the body or a manufacturing plant. Segregation operates on several 
planes* visible to the naked eye (capsules, membranes, etc.), microscopically 
visible (the nuclear membranes guarding the integrity of hereditary traits) and 
ultramicroscopic (adsorption on surfaces of particles, etc ). But isolation of activi- 
ties cannot be pushed too far. Vital organization depends on a wise blending of 
separation and integration 

Differential responsiveness of living cells is the basis of regulation and perhaps the 
most fundamental principle in integration Directional integration, along estab- 
lished pathways, is given by the nervous system. In picking up the message from 
the external or internal environments advantage is taken of this differential re- 
sponsiveness. Sensor}' cells and organs are geared so that they are highly responsive 
to certain stimuli and ignore the rest. This is clearly the motif in cellular organiza- 
tion and arrangement Seieral devices for amphf}ing the messages have become 
well established 

I'hc cardiovascular system integrates by a si'stern of broadcasting Materials 
arc broadcasted to all vascularized parts of the body and there is a parallel wholesale 
rcino\al of waste. Ilorraones are emitted from special stations and only cells 
propcrl} tuned in respond Again the responsi\ cness is differential. Very w'idely 
used IS this principle of differential responsiveness in building the body. It is the 
spring board of compensatory In-perjilasia Cells m a given organ, such as the liver, 
increase in number to make good the loss of their neighbors. Mitosis is a basic 
function, .similar in all somatic cells. Yet only the liver cells feel the impulse to 
«lu idc. and. what is etjually interc-sting. they cease division as soon as the call stops 

Superposed on this common responsb encss. possesseti In cells of the same t}'})e. 
IS a dimly .seen \ari.ation in responsiveness wiiich may be the basis of rlntlims 
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as a storeliouse and is conveniently located in the portal pathway of absorption 
from the intestines It takes m large quantities of carbohydrates and proteins 
Calcium and other minerals are stored in the bones and teeth by which act at least 
two objectives are attained A source of calcium is piovided against emergencies 
and necessary firmness is given to the bony framework of the body As one classi- 
fies the substances needed by the body, it becomes ei'ident that those unlikely to 
be lacking are not stored, like the oxygen present in the air all about us 

The economic act of storage and the release from storage on demand is one of 
the means whereby the composition of the blood— and consequently of the super- 
imposed tissue fluid environments— is held fairly stable But absolute stability is 
never achieved in any part of a living organism The single, highly artificial condi- 
tion in which it obtains is in the state of vitrification, in which every particle is held 
m place by sudden freezing and maintenance at a low temperature In this state 
life is absent but comes back immediately on release of motion by melting Such 
immobilization and recovery is only possible for small creatures because speed in 
vitrification is the essence of success Returning to our argument, it would be 
penurious on the pait of Nature to set aside more than the storehouses are con- 
structed to hold, and it would be dangerous not to reduce an accumulation in the 
blood threatening stabilitj’’ by decreasing intake of food and diink and by eliminat- 
ing excess The kidney unhesitatingly and promptly casts away surpluses not 
susceptible of storage The gastrointestinal tract, the respirator^'’ tract, and even 
the sweat glands, cooperate 

Economy is further manifest in the regulation of production of materials within 
the body Balance is here attained by acceleration and retardation of production, 
fairlj evenly spread as we have seen over citizen cells of each category. In some 
cases an excess may be more dangerous than a deficiency, as when the endocnnes 
get out of hand in tumois 

Wear and tear in the body is, however, inevitable Replacement is arranged in 
accordance with a principle entirely foreign to any man built machine In a motor 
car the parts give gradually less satisfactory service until they are discarded and 


new parts are installed in their places In the body Nature does not passively n ait 
for depreciation in efficiency of parts to make itself e\ ident. On the contrary, for 
most living tissues conimnons replacement n'lth mauilcnancc at the peak of performance 
m ai{emp)ted. New cells rise to take the place of those wearing out at a tempo 


accurately gauged to the individual need in each replaceable category by virtue of 
the specific responsiveness alluded to Recently it has been disco\ ered that there 
IS a lirisk turnoier in intracellular fat This material is not permitted to rest 
indefinitely in fat cells By some means, difficult to eni isagc, before fat just stored 
IS utilized, other fat that has been in safe keeping longer is emplo;i ed so that Nature 
qualifies as a good hoiisen ife It is not unlikely that other chemical substances are 
similarly replaced in an ordeily manner so there is no time for them to deterioiatc 
Marking them, by the introduction of tagged atoms, and tracing them through the 
body will probably clarify the problem. 

Equally instructi\ e arc the bodily constituents vhich are replaced little if at all. 
Let us consider cells fir^t and fibers next Among tlie former nerve cells are not 
replaceable, at am rate after one >.ear of age. and the replaccabihty of cardiac 
mu'-rle (ells is so inadequate (if it occurs) a^- to be negligible in onr .search for archi- 
tjx Inr.d guiding prineqiles Satisfactory performance is assured for many x ears by 
t le nnmerieal re.-or\e, for. when some cclE no longer can continue, others are able 
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that “Nature moves in mysterious ways her wonders to perform.’’ The deeper we 
dig in any problem, however simple it first may appear, the more complex it gets. 
Complete understanding of any -v ital property is quite beyond us Constant change 
in adaptation to mAwiad influences even.’where is manifest. A single part of the 
whole is never structurally the same at two intervals in time, and tlie body is so 
much a unit that the statement is probably justified that if we knew all about any 
part our knowledge of the whole would be complete Wise physicians acquire 
increasing respect for the eflBciency of natural adjustments and learn to help Nature 
help herself interfering radically only when she is obviously up against it They 
know that the noblest study of man is man and that had our forebears more closely 
examined the workings of Nature in man they would not have taken so long to 
invent the principles of the hinge and the lever to say nothing of how electricitx* is 
harnessed in muscular contraction first observed by Galvani. And the end is 
assuredly not yet. 

It is abundantly clear that to attain great ends Nature has been daring. Some 
developments, no longer of sen'ice, remain as hazards (appendix, IMeckel's divertic- 
ulum, etc ) Heredity can be a curse, though it is usually a blessing for on it 
evolution depends It is risky to have the alimentarx- tract cross the respiratory' 
one, because materials passing along it can occasionally enter the larii-nx and even 
lodge in the lungs. For mine in males to be conducted out through the prostate is a 
great handicap to elderly men in whom hx-pertrophy of this organ is so frequent as 
to be considered normal Progressive dominance of the brain leads to much that is 
worthwhile, but it is not without danger. A phylogeneticaUy new achievement is 
the invention of supplementary drainage of the all important tissue fluid environ- 
ments by the Ij-mphatics which surgeons must destroy when they strive to limit the 
spread of cancer Another is the utilization of substances as valuable sex hormones, 
which are chemically akin to carcinogens and, on occasion, can promote the dis- 
astrous malignant transformation of cells 
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eceneration, \ ascular endothelium, 69 
■e XecrosiB, Involution) 
idration. of bile, 199 
i'droandrosterone. 324 
idrotheehn, 324 

iiienation of skeletal muscle, 310 
pr’s cells. 263 
iilune cells, salivan-, 149 
iraxone, 234 

Irites, contrasted with axones, 234 
jnation, eSect on testicle, 325 
tin, ISS, 140-141 
mpared inth bone, 300 
percalcification, IJ^O, 141 
•pocaicification, 14O, 141 
itn\, 141 

rathyroid hormone, 141, I A3 
dium fluoride, 141, 142 
bulcs, 140-141, 140, 141 
tarain D, 141 
tistrj', maturity of, 146 
natologj’, 367 
docnnes in, 376 
nis, 377-383 

:e differences, 377, 378, 3S0 
ood \essels, SSO, 380, 3S3 
iromatophores, 379 
istic fibers, 37S 
iirs, 3S3-3S5 
cause’s end bulb, 379 
inphatics, 381, 383 

eissner’s corpuscle (tactile), 372, 379, 

‘r\ e fibers, 380 

im sensation, 379, 380 

irs papillaris, 370, 388 

reticularis, 370, 378, 388 

:emet's membrane, 252, 253 

axification, by eosinophiles, 29 

tenum marked fattv acids, 278 

elopment, bone, 282-292, 282, 283. 287 

ir, 259-261 

e, 254 

dnoy, 2I9 

beteo, discoveiy of, 187 

betogenic hormone, pituitan, 131 

rih\ sis 283-284, 2S 3 

rfliro=i«, 299 

t, cholesterol, 124 

:gh sugar (liverh 190 

crential leucocx'tc counts, 21-22 

rncth, 24, 24 

>nc marrott , .55 

ifiucnce of emotion on, 22 

irmal lariation® in, 22 

dulling, 27 

ercntiating intennitotic-s 54, 244, 321, : 
C'tive tract (srr Alimentan ) 
cptidasf, 162, IG6, 167, 184, 185 
ancf receptors. 248 
rihiiting 'irtcnes, 60 

'rtioiilosiv, 173 

•- o\Hla>.f>. .S73, 374 37.5 
f-. mfiiirncc of, atropine, 184, IS', 
loi irpine, 2S. ]07, 181 184, 208 
Ilormono) 

list ( onrept of blood, .38 

bile, l\8, ISO. /w, 198. ion 
idoKnip!) itic, 2','i, 260, 2(»1 
creton-, 1,50 

teraalatcfl. 1 19. I'/t 
ncr.,i»ic, /.'5, J7S, 179, iro 
b'arj glands, 1 19 
' !■( ‘on, 1 ;c. 140, /.,'o 
‘ d glands. 367, 368. 170 


Ductus cochlearis, 279, 260, 2G3 
endohunphaticus, 259, 260, 261 
' Ductus (canalis) reunions, 260 2bi 
' Duodenojejunal flexure. 167 
Duodenum, 165. 165, 170 
Dwarfs, 291-292 

^ Djnamic polanzation, nenous 242-245 


E 

' Eae, 259-264 
audition, 263 

' cochlea. 260 262-263, 262 
cochlear fenestra 259. 260 262 
Deiters ceUs, 263 
' development, 259-261 
' ductus, cochleans, 259, 260, 263 
endoljTnphatieus 259, 260, 261 
reumens, 260, 261 
endohmph, 261 

I endoUmphatic duct, 259, 260 261 
equilibration, 262-263 
I Eustachian tube, 259, 260 
i hair cells, 262, 263 
, labjTinth, 260 
1 macula, 262 
I mastoid antrum, 259-260 
i membrana basilaris, 262, 263, 263 
' tectoria, 262, 263, 263 
i organ of Com, 263, 263 
SO ossicles, 259, 261 

perdymph, 261, 262 
receptors, 262-263, 263 
sacculus. 259, 260, 261, 262 
saccus endolympliaticus 259, 261 
scala tjmpani. 262, 262 
’ vestibuli, 262, 262 

semicircular canals, 259, 260, 261. 262 
sound transmission 262 
utnculus, 259, 260, 261, 262 
summary. 263-264 
Eclampsia, necro'is in, 195, 195 
Economy and stability, 392-393 
Ecrema, 373 
Edema. 276 
with age, 312 

Egg white injections, hmphocctic respon-r 32 
, Elastic arteries. 56, 77, 58, 57-59, 74 
ageing, 63 
calcium in 60 
Elastic cxirtilage, 281 
Elastic fiber-, 57 -.58 
ageing, 63, 6 { 
aorta, 57, 58 

371 compared with collagenic. 271. 272 
durability 394 
in dilTi rent blood \cs^el=. 70 
Electron micro-copic. collaccnic fibers, 207, 268 
Emotion, influence on, hmpbocjte count'', 22 
sahcaiy sciretion, 150 
Enamel, compared witli bone, 300 
dental I3S, 139, 139-140 
rndartone- kidnm,218 
Purl inje -tim. 81 
rctinc. 2,59 
Endocardium, 77 
Endocrim ‘•viti'in 109-130 
adrenah 121 127 
doiiblf dutc 121 
duodenum 167 
■ kidney 220 

non-‘-pf cificit\ , 136 
m .r> 356 .349 
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E>e, ora serrata, 250, 251 
orbicuhis ciliarib, 251 
nbofla\an deficiencj , 252 
retina, 250, 251, 23//, 255-259, 256, 25S 
rhodopsin, 257 
sclera, 250, 251 
theories of vision, 257 
tissue transparency, 254 
vitreous bodj , 250, 254 
ronula ciliaris, 250, 254 


F 

Factors of safety, adrenal cottex, 394 
capillary surplus, 66 
cnzjine duplication, 176 
kidneys, 394 
Iner, 394 
lungs, 394 
nervous, 243 
pancreas, 394 
lenai, 229 
th} loid, 394 

Fallopian tubes, 350-352, 351, 365 
cycle, 363, 364 
Fasting, digestive tiact, 170 
influence on Paneth cells, 1 66 
thyioid and parathyioid, 120 
Fat, absoibod by lactcaF, 84 
adrenal cortical, 124 
anterior pituitarj lioinione, 2S0 
os chj loniicrons, 47-48, 47 
in hepatic lobules, 196 
in intestinal epithelial cells, 164, 164 
hpocaic hoi mono, 187, 280 
storage of, 278, 280 
Fat cells, 105, 277-2S0, 777 
c\chc changes in, 278, 2?S 
identification, 86, S6 

__ influenced by blood sticain, 279-280, 279 
Fattj add*-, marked lij deuterium, 278 
Fattj tissue, 277-2S0 ' 
obesit} liercditan , 2S0 
^ regional distribution, 278, 280 
Feeding (see Diet) 

I'eniulc reprodiutice s\stem, 310-366 
external genitalia, 360 
Fallopian tubes, 350-352, 351, 361 
iiornioiie production, 3 18-350 
iiitegiation of activities, 363-364 
mammal y glands, 35S, 359, ,300, 3i 

361-302 

ncrcou*' \ersus hormone regulation, 364 
osarinii architecture, 340-341, S'/l 
o\ogenesis, S'/l, 311-318, 3'/4, 346, 3', 7 
placenta, 36") 365 

te=ti‘' and ovar\ compared, 319-3.50 
utenic, 353-3.59, ,353, 355, 350, 363 
cagiiiH. 357, 3.59-.360. 363 
yuiunm'!/, 365-306 
1 1 mm d art< rx , 53 


, Fibroblasts, mox-ing pictures, 277 
relation to other cells, 38 
Fibiocartilagc, 281 
Fibrogbal fibers, 268, 269, 270 
Fibrosis, as age change, 270 
‘ definition of, 276 
i Filiform papiUie, 151 
■ Filtiation, renal, 227 
' Final common path, 243, 248 
I Fixation shrinkage, arterj’, 60, 61 
j dermis, 377, 378, 379-380 
1 Giaafian follicle, 346 
' large intestine, 171 
I muscle nuclei, 304 
'j small intestine, 163 
I spleen, 95 

! Fluids, aheolar, 211, 213 
; aqueous humor, 253 
j bile, 199 
1 blood, 12, 12-13 
1 “bucket biigade,” 349 
1 cerebrospinal, 246-247 
, endolymph, 261-262 
I for ciliary action, 204, 205 
1 glomeiular filtiate, 227 
j Intel stitial, 15, 16 
‘ intracellular, 15 
' liquor folheuh, 344 , 345-346 
' hmph, 11, 12, 16 
j pel il J mph , 261-262 
1 peiitoncal, 155 
1 principal ones, 12-16 
j seminal, 337 
j subaraciinoid, 247 
I svnovial, 302 
, tissue, 13, 13-16, 25-26, 253 
I x'entiiculai, 246 
Fluoicsccnce, hairs, 382, 383 
hepatic xitamin A, 101, 192 
islets of pancreas, 179 
Lichrx inal gland, 2.52 
ovan , 348 
skin, 367 

sweat glands, 386, 386 
thjioid colloid, 110 
Follicle stimulating liormoiie, 349, 350 
Follicles, Giaafian, 341, 342-345, 344, S46, 348 
Folhculai, atresia, 345-340 
hormone, 348 

Food pioducts, circulation of, 135, 137 
Foicign bodj giant celF, 296 
t, Fiactnrcs of bones, 296-298, 297, 298 
Fleering, 393 

Frietion reduction bx, peritoneal surface, 176 
pleural surface, 216 
^croiis fluids, 151, 204 
‘^xnoxial fluid, 302 
Frontal sums, 207 
Fundic gl.inds (>.rr Gastric) 

I Fungiform papillie. 151 
i Fuscin, retinal pigment, 255, 257 


xdu. xit'-a xnsfirum 09 
Fi nuir, dcxrlopinent of. 282 -28,5, j.s’y, 33) 
l ertncnls (e, , Fn/xincs) 
lyrtih/atKin. locitum of, 351 
I't'tnl enrte .ulo ird, 121 
! ihrm as --(nneo of t olhgonic fihi r-, 268 
1 ihrinom n. 200 

1 ibrohhsts, jm., 270, 273, 271, 27 5, 270 
(ominrvsj xxith epithelnl cells, 270-277 
food sidi-taiK , s loj-, 27 
gto.xth rate 271 ^)5 
tdi ntific itimi, 271 


j Gxii. iti.xDi)>n. 198 199 

' Ganoblasts, I JO 

; Gastric gl mds, /;;, 1.58, 159-161, 150, 160, 161 
Germinal /one. adrenal coitex, 121 
I Giant fell', /on ign bodx, 290 
! incg'ik.irxotxtcs, 45. 40, JO, 29() 
polx k.irxot x les, 53. 296 
Giants, pituif irx , 292 
Gmgixa of tec (h, 138, 1 15, I ',5 
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Hormones, inhibition by, 350 
insulin, 1S5-1S7 
lactogenic, 131, 302 
lipocaic, 187, 280 
luteinizing, 340, 350 
lutcosteione, 324 
necrohormoncs, 277 
parathormone, 115, 120 
paratln rolropic, 131 
pituitary, 131, 135 
pituitrin, 135 
progestin, 324 

progesterone, 125, 324, 348, 365 
renin, a prc‘=sor substance, 229 
«ecretin, 167 
sc\, 125 

hormone terminology, 324 
steroid, 125 
testis, 329 

hormone indicator, SS3 
testosterone, 125, 324, 34S, 374, 376, 370 
theehn, 330, 330, 324, 360, 362 
tlieclol, 324 
thynioMdm, 107 
thjiotropic, 109, 114, 114 
thyroMii, 109, 2S0 
zoological non-specificitv, 136 
How cll-.iolly bodies, 42, iS 
IHahnc bodies of Herring, 133, 133 
cartilage, 281 

Hjdrochloric acid, gastric, 160 
II>diogen, heavy, 278 
Hydiokollag injection of lymphatics, SS 
Hjdropic degeneration, pancreatic islets, 186, 
18/ 

llypercalcification, dciitin, Ufi, 141, 142, 143 
Hjponnsuhnism, 185 
IliTierparatlnroidism, 119 
Hyperplasia, alveolar, 312, 314 (see Tiimois) 
Hvpertension, paroxsmal, 127 
Il3*pertroph} , adrenal cortex, 122, 124 
cardiac, 7*7-78 
goiters, 110-112, 113 
midfolnr, 107 

obe'.lt^ , 280 
ocanan artenes, 3^? 
o\arics, 3^9 

paratln roid, IIG, 119, 120 
prodate, 331 
renal units, 229, 230 
seminal resides, 330, 330 
smooth muscle, 305, 307 
{'e/ Tumor-) 

Ihpertonie solution, 12 
Ihponldfication, dentin, 14O, 141, I42, l',3 
Hrpotlnroidrm, 109, 112, 113 
lhp(i{)ln-.e(>tonix, efiect on tlnroid colloid, 110 
Hvpi>pinx.iq Pituilan) 

Hvpertlnroidi=m, 109, 112, 11 
lUjKitoim solution, 12 


Incus, 259 

India ink, phagocytosis of, 36 
Infection, responses of blood xessels, 62 
Infectious mononucleosis, 33 
Infiltration, lymphoextes, digestive tract, 170 
neutrophiles, 26 

Inflammation, healing fr.icturc, 297 
synovial membrane, 301, SOI 
tiacheal epithelium, 208, 20S 
vascuiai changes, 61, 62 
Infundibulum, 133, 133 
Inneivation (sec Nerve supply) 

Innominate arterx', 5S 
Insulin production, 185 
Integiation, by hemoglobin transport, 45 
connective sj stem, 265 
endocrine broadcasting. 109, 136 
nervous, 233 

vta blood sticam, 137, 137 
with environment, 388 
Intercalated discs, 313, 314 
ducts, salivary, 143, 149, 149 
Intermitotic cells, bone marrow , 54 
mjelocytes, 23 

Internal auditory meatus, 259 
Iiitemtitial cells, 324-325 
ovarx', 347 

testis, SIS, 320, 32 L 322 
Interstitial fluid, 45, 16 
Intervertebral discs, 281 
Intestinal glands, 162 

Intestine, contracted and distended, 162, 163 
dissection of, 162 
duodenum, 165, 165, 170 
ilcum, 167-168, 16S, 160, 170 
jejunum, 167 
mox'ements of xulh, 162 
small, 162-170 
surface epithelium, 163 
Intinin, arterial, J7, 58, 59 
Intrinsic antipcrnicious anemia factor, 167 
Innhn, renal clearance, 227 
Inxertase, 175 

Inx'olution, thymus, 105, 105 
(see Degeneration, Xeerosi®) 

Iodine, influence on thyroid, 109 111 
radioactive, 112 
Ins, 270, 254 
Iron metabolism, 103 
Islets of Langerhans, 177-178, 777, 17S 
blood supplj, 179, ISO 
cell txpes, 185 187, 736 
fluorosccnce, 179 
insulin production, 185-187 
seen in iiro, 185 
suprax'ital staining, 177 777 
, Isotonic solution, 42 
Isotropic bands, 307 
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In 1 M, 11)7 li)S, //.s\ ni'i, i;a 
Immumr'ition, aeninst erxtbrmxtc', 51, J 5 
ix ni])!i imdcs in, 93 
Imp! Hit ition. of oxum. 35,3. 354 
•nit) nor lobe pilmlarx*. .55'> 

Irminstir ,>f < j»Hl,,rmi--, 372 

(•" rrniisphuitntum) 

Iinpid-i . nf\nns 233) 

Immtmu (’.f I'astmi;) 

Iii'-i-uri » of s;< liiiiuit-I.uitt nu'uin, 237 


Iam s green staining, fibroblasts-^ 273, 27.7 
nutorhondna, 20, 1^0 181 
of acinous cel!®, 73/ 
of leucocxtrs:, 37 
.Tejunuin, 167, 167 

luxta mediilhrx zom, ‘idrenil cortex, 1 71 
Tuxtagloim nil'ir apparatus, 220, 223, 229 


K 

Kinxi 1.217 2.30 
iirUrx, 217, 273, 210 
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Lj inplioy (es amitosi';, 30, 81 
antibocK jjroduction, 93 
appeal ance unstained, 19, ^9 
a/uropinlic granules, 30 
emotion, influence on, 22 
fasting, influence on, 170 
heat, influence on, 31 
motilitj , 35 

neutrophiles resembling, 26 
paiasites in, SO, 36 
phagocytosis b}-, 31, 33 
‘•i7es of, 30 
«mall, 53, 58 

transforming into maciophages, 32, 32 
into monocytes, 32-34 
Wnght’s stain, 27, 

LjbO/ymc of lachumal fluid, 252 


M 

M icnncTiox, kidnej-, 219 
muscle, 303 
thyroid, 109 
Macrocytes, ^7 
Macrophages, 36, 274 
compared iiith fibioblasts, 274 
containing carbon, 36, 91-92 
digesting erjthrocj tes, 44, 'i4 
fiom Ijmphocytes, 32 
from monocytes, 36 
III lymph nodes 91, 02 
pciitoncal, 155 

relation to non-gianuhi leucocjtes, 38 
stained with jaiiiis gieeii, 37 
••ubcutaiicous, 27 1 
Macula densa, icnal, 220, 323, 229 
% C'tibular, 262 

MagiieMum deficiency, cutaneous, 373 
Malaiia parasites, '/I 
Male rejiioduclue system, 310-339 
Iiulbourethral glands, SIG, 334 
dm tub efTcrentes, 322, 32G 
e]iulid\ mis, 327 
hormone production, 324-326 
penis, 316, 334-336, 337 
pniici])‘il and acccssoiy parts, 316, 316 
prostate, 316, 331, 332, 333, 331-334 
K'te test,^., 317, SI 7, SIS, 326 
semen, 330-338, 336 
'■e\ hoinioiie terniiiiologj , 324 
spermatogenesis, 319-321 
testis architecture, 310-317 
tuliiih rei ti, SIS, 326 
vas deferens, 316, 327 
ccsiciil'c semmalcs, 316, 32S, 329 331, 

l.’O, S30 

simmmri/. 338-339 
(sfr Sperms) 

Mnlhus, 256 

Malpighi'iu IkhIics of spleen, 95 9S, 97 
N'lri'ition m, 98, 9,s 
corpuscle^, renal, 221 
Malta-e, ]» ini rcatic enrx me, 184 
Mammars gland-, 361 -363 
after part uril ion, 7,79 
1 a-lnte atrojiln .60 
(onipind with jiro-tate 362 
with th\ roid, 361 
< \ < le. ,, 36! 
maitice, .7s, 3C,i 
in\o!iU(,{ ,i ;7«i 
I'flaliiig. ,7s,',p,i 
1 II 6v nil hiiriniMie, 36'2 


Mammary glands, prograaid change, 362 
j tlieelin and corponn, 360, 362 
theelin (estrone) ctTect, 360, 302 
I tumois, 362 

I Margin of safety, capillarj suridns, 66 
! cnzj’me duplication, 176 
I nervous, 243 
i renal, 229 

{ ]Mast cells (see Basophilc leucocytes) connective 
tissue, 273 

1 Mastoid anti um, 259-260 
1 Maxillary sinuses, 207, 260 
I Meckel’s divciticulum, 168-169 
Media, arterial, 57, 59 
calcium 111 , 60 

Mcgakaiyocytes, 45, 46, 50, 296 
Mcgaloblasts, 4U 46 
Meibomian glands, 3S5 
Meissner’s tactile coipuscle, 312, 379, 3S0 
Melanin, epidermal, 372, 373, 374 
liaii, 3S4 

phagocc'tes of, 379 
retinal, 255 
Melanoblasts, 374 
Melanomas, 375 

Mcmbrana, basilans, 262, 263, 263 
tectoiia, 262, 263, 263 
Mcmbiane bones, 299, 290 
Mcmbiancs, arachnoid, 245, 2'i5, 246 
basilaiis, 262, 203, 263 
biain, 245-246 
leptomenmges, 245-246, 240 
pachj meninx, 245 
panel catic acmoiis cells, 183, 184 
pia matei, 245, 245, 246 
plasma, 243 
tectorial, 262, 263, 263 
' tlijroid cells, 114, 114 
Mcmoi}', basis of, 248 
Mciistiual cycle, 353-358, 363 
I activation of sweat glands, 3S() 
m transplants, 304 
; ischemia, 357 
, Icncocjtcs, 354 

I menstrual pciiod, 354-3.58, 376, 36 3 
nerve section, 364 
postmensf rna! period, 358 
prograMcl period, 3.54, 375, 363 
piohferatne iieriod, 3.53-351, 77.7, 3(i3 
Menstiuation, lencoc vtosis, 26, 26 
Mcikic ( ells, 375 
Mesenclu mix 260, 265 
m bone devc'lopment, 282, 283, 299 
Mesenteiic hmphatu-, nicning pictiiie, 175 
Mesenteriole of appendix, 777 
Me-otlieluim, germinal, 311, .7J7 
peiitoneal, 156 1.57 
scrotal, 317 

Metabolism, basal, 112 
earbolndrate, 196 
iron, 103 
oxidatue, 190 
w ater, 232 
(see hat) 

Metajilastie O'-ification, 299 
Met astasi- III Ivmpb node-, 9t, 9 7 
Micnicctes, {7 

Mi<rodi--ef lion, renal. Inbiilc, 22! 
mu-cle 308 
in r\e fibi rs. 2,17 

i Mu rofilaria'. j) I— ig( tbroiigb h mpb stu - 9? 
Mu rogba, 2 15 

Mu roitu nil ntiuii, e! i-lir art< ry hO 
nerve eelK, 210, j',2 



nw\ 


I I 3.1 S5-I 

J V »{rtn II 31* 
c n < ^ 3 j3 

Dvarun f-i* fu ^ '' 

Oi-irj am till 1 i 
trtrnf^r^ 

rf'fi >01 alf!«^rtw 311 ■! St 
Ju 3U 31 

31.1 

I •{■ynijni II » 
tmiu' 1t< 

nin>jlit « fi’ rtj» 11/ T < 
f W 1 

rs nt)r 31S 

ri>fi'».-rnv 3 IS 

ft otn-u aikSm 

P rmianJ m ■«• It Iium 3H Ht 

i r«tfi.\n Wfff- 1/1 312 343 J / i ' 

nt-iU 

If fill Jirttllx I jiifMMlijfr 3.»0 
ItiaiKr Ij -oir 317 
i(if< plilwl c» f! St* 
ms 3lj 310 3t7 1 

3tt Sts J4j s,t 
inifhnl 1IJ ?// 

I n n^n 31 * 

; ntiyi fit iJ fi-fiirf (g rm celt ) 111 1il 
345 

Irffij 1,0 

tr*(rrtt, r H 31** 

II tvs rxl Mis 11 1 ? ^ 

/ inn er««iil t»x 111 

JvIIilfiJl 1 S,i 

ihoefufi 111 HI 1/ S, 

(/wibti » 1l> f 354 


) t iiruf Msx ^1 
f 111! wn HHf>n nin 2. 1 
inf^liRo* 1*1 
lin 1VI 
<< (1< 14' 

/uncft-aA I** IS* 

s in tl l\ll ISO JS 111 IS isi i 

s(r t iH infii ii'< ist 
I >• i iipiU t"0 /s{> 
laUir* IS* 
fl-'t I s \-'} I , 
i/il-rnfi iin 1 fx KTin* mft* 
fl 1 1 If H 
}/ ijhr> 1 n h tl II IKf 
f I < m ii9 I 1 s f f ISO Is /' 

I jK-an'f iii'lijtn't />if IS tst 

• im ,i , in 

I axu (S "> il /< 1 
ln-.t.K- >n If" 

If nri »ilUix- IjO III 
f!' r, 1,1 
f,i g ! rn II 
larsirifgl^ t r (t X' HI 12* 

IVrx ' f ini i n rnm f> 
il,^ IftM fKina -f/ 

;VaJf /'• 1 J 5 11" i'll 
r** t t 1 ff "12 >1 

n j f ft . Ill 1 1 

IsmUi I f r > I 11 
lantfirxl il I.M 

115 IP M > Ufi 14/ / / •*'' 

} xtvrtf » * > //' 


ixtvrtf ‘ , //' 

irE f » * "(r-n I IIJ 

m nn-Jr^r, ] g W t St 


i'arstlnrTm! n u<, . , 

|>tjnd;«sl rrIK II' tl 
irmpmltirr mfiidv', n . im 
I Hir n 110 

J«ntl)rn,frt*pi la'rr'^^n^ Piti. Ufx IJl 
farjifaltvll f^i irn /,,» 

' i-xr 13. 

^ ISn»ti I cLxnil U* /4> 

1 I’bk dKlaIrt piliiiian 12s 131 | < | ><t 

J intrmuxla 12s / •< isj 

nrnv^ } > tSt If |33 ix> H 
, tuhoculw 12 s / V 
rt-nal */ 

‘ittji siv ail oar ss 

ll’.fiMn JtO Iff 

I «-il 1^1 1W 
il«p>in,»j?u in Jt I 

>lf (Xultx rfiismr rfp\l cUtyl f» 

) 1 1 rfiir»tJ.vifV anti rrjvfxfrfnrnt 3 U 

I I infanJmni 7s 

} I « f irlinxi Ifiiim 2sO i^1 
lA f'" 

’ } ml} m|ili 2 t 1 1 2 
liomtinum 211 

1 1«nnriin»r»J *jwrt 2< 21* 

Prrj sj-mts) niml isof (Ml, tv |il f 
Itfi'HliHjn, 284 C'S 2 ‘j7 *» '^n 
i ritdifii'n I I I 7 
frW / o 
omrntnm 1 I 
rrt.iiMf>l n fifc» I y 
aurfjim / , 

Pi r>xn«f tilir rlimfwl ".f '’I 

nj'ilbnt-* it 13 M I 
iipoiiN an>i .13 
* <1 iliffrmit 11 ■‘iJ siwl ' 

\ ivijlir ml tliflnxnf 1 ►! !>, 

Vfltlll •* I s *fl 
P ' 7 /“s 

l.«nMK« ft-arii. « 20 
i xr’n M l&s 
llispwUfi't In rip*//! >f /(’rti 2* 4 
It Isix/ifiif r,}} /o 
In Jt m}>?i »•> 31 32 

1^ nKinviif-. tf », a 3 
, It JsnIVJ llfTHrlttf ffll li 
ri itli, ]u! 314 
/iirirlit n of 3S 
4ii<1n ml. ' 
mrlinin 37P 
«lcarUm *< 10^ 
nf ff>Uin<tl« 41 4 
i2 ajwmi'ili ; n 20 2* 
ttf MfriOissifs-l */ 

{(laOnx iai 20T 
llKXf lialfl'f* »fi If '!'• • *' 
wtn'linul ♦*! 'll Itil M l'> 

{ |K»«rli im« ami «fkfi 1 ‘>1 
} Inw Ii'g’fTl an* 

I la antf'lin* uJ 21 > ' 

»n«V»T 2t ‘t , ...t T*. 

Ii/cmurtlfn rpl-nriJ r* 3 ' 

Ixttffine 1*2 
J jrnDfnl I 'If II® 

rfirwfTi 2 1 
luvin 253 *' 

n J" « ”1' 

101 /" 

kn 2 I 
1 {•■■I rom' a«4 

xfittfk l^rcuf •* 

K ll II il 1.3ir O'* 



INDEX 


m 


Pigments, Tbodop-in, 257 
Msualpurple, 255, 257 

Pilocarpine, effect on.enteiocmomairin cells, 167 
eosinophiles, 2S 

pancreatic atinou'; cells, ISS, 184 
ifclct cells, IS'f 
tracheal epithelium, 20S 
Pineal, 134, 135 
Pinealectomy, 135 
Pinocj tosLS, drinking by cells, 181 
Pituitaiy, 127-135 
acidopliile cells, 129, 130, 131, 133 
anterior lobe (distalis), 128-133, 128, 129, 130, 
131 

basophilc cells, 129, 130, 131, 133 
clitomopliobe cells, 129, 130, 130, 133 
divisions of, 128, 128, 131 
hormones, 131, 135 
lijahne bodies, 133, 133 
implants, 349, 349 
pars intermedia, 128, 133 
nervosa, 128, 132, 133, 133, 135 
postenoi lobe, 128, 133 
Pituitun, ongm of, 135 
\ asoconsti ictoi , S3 
Placenta, 365, 36J 
Plasma cell, 274, 276 
in Ivmpli node, 92 
in tongue, 131 
1 elation to othci colls, 38 
Plasma mcmbiane. moleculai composition, 243 
Platelets, 41, 45-47, 46 
deficiencj , spleen in, 96 
Pleural cavity, 210 
Plexus, myentci icus, 157, 163, 174 
submucosus, 157, 17 

Plica: circulaics, small intestine, 163, 1G3 
Poikilocjtes, 4l 
Polar bodv, 347 

Polaiired light and, coitical lipoid, 122, 125 
neive fillers, 237, 238 
stiiated muscle, 307 
Polanration, dynamii , 242-245 
Poliomj ehtis, skeletal imi«culai changes, 310 
\iuis, 205 

Pohkauocjtes, 53, 29G 
Porphyrin, excietion of, 252 
Poital canals, of Iner, 85, 188, 188, 193, 194, 195 
P<)st mitotic cells, neno cells, 244 
ncutrophiles, 23 
noimoiihists, 42 

Postmoitem changes, lenal, 221 
Potassium sulpiiocvanide, 60 
Picdentin, 140, 141 

Piegnancv, hcpertiopln of uterine muscle, 305, 
11)7 

Picssur substaiue, lenal, 229 
Priniitne blood cells, -,2 
Pio< nr.Mius, 185 
Progcslerone, 125. 324, 3)8, 3()5 
1 roiic-tui, 32) 

I’lostate, .710, 8.s;/ 331-331, 332, 333 
as icsUs hormone indicator, 333, 334 
• ompircd vith inanimari glands, 332 
niththiroid 332 

Proiution b\, antibodi production, 93 
(ihai\ clcir.ince. 201-205, 20',, 203, 3.52 
diucstu,. si>,.r, t Kills, 175 

ulottis , losiiri , 207 

inrtioii reduction, I")!, 17(), 204, 2lf>, 302 

i! and ncrcoiis miilrol liluod \(‘s=cls^ 

I ihor n aui'iiioii 392 
nmc'is. 17G 299 


Protection by, multiple blood supply, 394 
phagocytosis, 34-35, 38 
replacement, 393 
safetj' mechanisms, 394 
skin, 387 

sneezing leflex, 207 
sphincteis, 175 

stabilizing mechanisms, 392-393 
(see Regeneration, Regulation) 

Piotein, in plasma membrane, 243 
iron containing, 239 

Piotozoan and tissue cells compaied, 14, 137 
parasites in monocytes, S3, 36 
Prussian blue m endolymphatic duct, 261 
Pubertj , influence on, Icmipli nodes, 106 
spleen, 106 
tiij'mus, 106 

Purkinje cell of ceiebellum, 233, 244, 245 
muscle, 80, 314, 315 
compaied with other types, 304 
Pylonc anti urn, 156 
glands, 162 
valve, 156 
Pylorus, 156 
Pj'ramid, renal, 217 

R 

R \DiAL aiteij , 58, 71 
Radiation, effect on mast cells, 274 
Radioactive, iron tagging of erythrorites, 43 
iodine in th} loid, 112 
phosphoius in enamel, 139 
sodium in placental tiansfei, 365 
stiontium in bone, 286 
Radio autogiapbs, 112, 286 
Radium, effect on testis, 325 
Ranvier, nodes of, 237, 237, 238 
Rat like’s pouch, 133 

Reactions chroniafTin for cpinephnne, 121, 126 
127 

Receptors, cocbleai. 262, 263 
distance, 218 
skin, 233, 233 
vestibular, 202 
visual, 256, 257, 253 
(see Sence organs) 

Rectum, 173 
Red blood cells 40- 45 
basophilic stippling, ’,1 
Cabot ring', 42 

cijtlirobla‘-ts (mcgaloblasts), 41, -51 
hvpei chromic macroejte, 41 
life bistor>’, 42-44 
malarial jinra^ites m, ',1 
microevte, ',1 

normoblasts, 41, 42, 43, 50, 51, 52 
phagocj tosiv of, 4 ), {), 100 
poikiloej tes, ',1 
reticuloeytos, 41, 42-43 
sen ICC rendered, ) 5 
summnni, 48 
Reflex, simple an , 233 
sneezing, 207 

Regeneration (healing), blood \es‘-fls, 70, (, >’ 
collagenu. fibers, 2()S -270, 169 
corneal r pithelium, 253 
cpidcrnus, 371 

fiactures of bone, 296-298, 297 , 198 
li\er Inbiih 197 
nie-otheliuin (rr plai enienl), 156 
nas.il niueoie- membrane, 205-206, 209 
nerves, 310 

•'permatOKeiiesi'- 322-32 1 
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Semen, in cervical mucus, SS7 
storage, 329 

Semicircular canals, 259, 260, 261, 262 
Seminal vesicle, S16, S2S, S29, 330, 329-331 
Seminiferous tubules, 317-321 
atroph} and fibrosis, 321 
cr^ ptorchid, 322 
straight, SIS 
Upcs, 319 

Sensation, taste buds, 150, 152 
Ihii'bt, 150 
(see Pam) 

Sense organs, cutaneous, 379, 3S0 
car, 259-263, 263-264 
eje, 250-259, 263-204 
Krause’s end bulb, 379 
Meissner’s corpuscle (tactile), 372, 379, 3S0 
muscle spindles, 209, 309, 310 
taste buds, 150, 152 
Serous alveoli, lingual, lol, 152 
salivarj', 14S, 14S 

Serous cells, salivarv, 148-149, I4S 
Sertoli cells, 320, 321, 349 
Sc\, lijTiotImlaniic center, 365 
determination by, tumors, 350 
chromosomes, 322 
hormones, 348 
hormones, 125, 324 
Sheath of Schw ann, 236 
Shock, 66 

Shrinkage of tissue, aitcr\ wall, 60, Gl 
dermis, 377, S7S, 379-380 
follicular, 346 
large intestine, 1 7 1 
muscle nuclei, 304 
small intestine, 163 
spleen, 95 

Silver nitrate prcpaiations, peritoneal surface, 
loo 

Siiio-vcntncular sjstem, 80-81, SO 
Sinus node, SIS 

Sinuses, Ijmpliatic, 89-90, 89, 91, 92 
nasal, 202 
paranasal, 207 

venous, 97, 97, 99-100, 100, 102 
Sinusoids, hepatic, 190, 100, 192 
relation to capillaries, 73, 75 
Skeletal muscle, 305-312 
age chaiiges, 310-312, SI! 
androgenic hormone influence, 310 
atrophy, 310 
blood “^upplj 309 
compared with other tv pcs, 304 
I out ruction, 309, 509 
crciitinc content, 310 
cro'-s-^triatioii'-, 50C, 307 308, 307, 309 
tiark and light tvpcs, 30S 
gl\ logon umtent, 310 
Inpt rtroplu, 310 
UinphutiC'., 309 
motor end plate-- 5%. 309 
imi'cle '-pindlc-, 309, ilt/ 
invofibnls, 308 
injositi, 30S 

lu no endings. 309 SjCi 
iurdircd, 310 
>• ircoU miiia, 307 
U!it<r <ont< nt, 312 

•ufninnrii 3io 
81 tn. ,P.7 '35;u 
idpi-'inciit, :K7 
denm*-, 377 3S.3 
* pub -me-, 397 377 
lunriion-, 3S7 .{So 


i Skin, hairs, 3S2, 383-385, 3SS 
1 microinciiicration, 557 
nails, 386-387 
protection, 387 

sebaceous glands, 367, 376, 3S2, 383, 385 
sweat glands, 370, 3S5-3S6, SS6 
sum»ia)y, 387-389 
Small intestine, 162-170 

contiactcd and distended, 162, 163 
dissection of, 162 
duodenum, 165, 165, 170 
ileum, 167-168, 16S, 169, 170 
jejunum, 167 
movements of \ ilh, 162 
Smeais, blood, 20 
vaginal, 357, 363, 364 
Smooth muscle, 303-305 
age changes, 305 
compared w ith other t^ pes, 304 
contiaction bands, 173, 173 
bypertropbj , 305, 305 
tonus, 303 
Sneezing reflev, 207 
Sodium cliloiide, blood stieam, 45 
in sweat, 3S6 

fluoride, effect on dentin, 141 , 142 
Solutions, hj pcrtonic, 42 
hypotonic, 42 
isotomc, 42 

Sound transmission, 262 
Spasm, traumatic aiterinl, 61 
Special (specific) endothelia, 103, 125, 129, 192 
192 

Specialization, basis of, 391 
Speimatids, 320, 321 
Spei inatocy tes, primarj-, 319, 320 
secondaiy, 319, 320 
Spermatogenesis, 319-324, 320, 323 
chromosomes, 321-322 
influence of temperature, 322-324 
waves of, 326 
Spermatogoma, 319, 320 
Sperms (spermatozoa), 321, 327 
discover}' of, 337-338, S3S 
ejaculation, 338 
fertilizing power, 337 
in cervical mucus, 557 
in Fallopian tube, 352 
motility, 337 
number, 338 

passage tliioiigli tubules, 326 
pliagocyto=is of, 26-27 
production, 322 
storage, 329 

, tempemture Hi«coptibilil\ , 352 
\arjation>j in, 555, 337 
; X and Y, 322 
Sphenoidal sinu'-, 207 

Spliinetir-, vascular in ‘-pleen, 99 101, 101 
I rectal. 1 73 

Spinal cord, rcfIo\ arc, 233, 233 
I gunghu, '-en=or\ cells of, 231 
I Spiral archilccturc in, arterial wall, 60, 61 
intestinal wall, 103 
' pi nneunum, 236 
Spiroclicte"-, ga'-tnc, 160 
Spleen, 95- 103 
capsuli , 9,5, 97 

compiml with Kmpb nodes, 106 
I with fin mif-, 106 
1 hemo'-wh nn. 101, 102 
lobnlc', 97 , '17 
Kniphitii lissi), , OS 09 
inicroscojiu landmarks, 05, 'if, 
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" le, 125, 324, 348, 374, 376, 376 
o rna, 344, 344 
trone), 324, 330, 330 
ocluction, 363 
\ glands, 360, 362 
. 357, 359 
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isation of, 150 
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' 103-108 
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104, 104 ', 105 
al pearls, 106 
n, 107 

I’s corpuscles, 105, 106 
a, 10 105 , 105 

vidin, 107 

and old, 104-105, IO 4 , 105 
try, 108 
‘ 109-115 
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iiorescence, 110 
1, 110 

'igof, 112, 113 
•s, 110-111, 112, 113 


, Tiansplantation, bone, 297 
endometrium, 364 
skin, 280 

(see Implantation) 

Trepliones, 27 

Tnalist concept of blood, 38 
Tiichmosis, mjocardium, 82 
Trj'pan blue vital stain, 102 
Tijpanosome staining of, 102 
Tij'psin, panel eatic, 184, 187 
Tubeicle bacilli, pbagocvtized b\ molloc^tes, 
34 , 35 

Tubeiculosis, Ij mphocytes in, 31 
Tumors, adienal mcdullaiy, 127 
argentnffin, 167 
bone, 286 
endocrine, 136 
feminizing, 350 
glomus, 72 
mteistitial cell, 325 
lipomas, 280 
lungs, 212 
inasculinizmg, 350 
melanomas, 375 
ovaiy, 350 
panel catic islets, 185 
paiatbyroid, 119 
pineal, 135 


„ 114 

rthyioidism, 109, 112, 113 
tlnroidism, 109, 112 , 113 
iliatics, 109, 110,111 
"vation m mvo, 114 
) autographs, 112 
Joraturc influence on, 115, 115 
otropic pituitarj' effect, 114, II 4 
mary, 136 
Mn, 109 
Jt on fat, 280 

lines of anested growth, 286 
3 , definition of, 56 
3 fluid, 13-16 
enal medulla, 127 
-erior chambei eye, 253 
ticket bi igade,” 349 
obrocpinal fluid, 246-247 
ifused with lymph, 11 
:tors in dnersity, 15 
nplioc} tos in, 31 
rvous s\<,tein, 247 
utrophiles in, 25-26 
ritoneal, 154-155 
nnits ‘=])ociahzation, 391 
i.il, 227 


alenic, 107 

iibaraciinoid, 247-248 
oliiine adjustments, 391 
•sue transparenc\, 254 
ngue, 150-153 
iHnds, 151, 152 
p'b'ilkc, 15] -152 
I 'ste buds, 150, 152 
•iiMb, 80-88, 87 
rOPt, 88, SS 
binphitic follicle, 87 
nuh.-i, 202, 208, 20S 

C’™'‘^''in follicles to senimife 
eiis tubules, 350 

wnphorjtp to macrophage, 31, 32 
tn !noi!oc\te, 31-35 
luonocjte to madophage, 30 

rrmt! ’’Hid, adrenal (orte\, 12] 
u ition.il ipitluhimi, 231, 231 
‘‘pin iH V. tis’^iie, 251 


pituitaiv, chiomophobe, 130 
skin, 372, 374 
testis, 350 
(sec Cancel ) 

Tunica, albuginea testis, 316, 317 
mucosa, gastric, 137 
seiosa, gastric, 157 
vaginalis testis, 316, 317 
Turbinates, nasal, 203 
Twins, blood piessuie, 71 
Tj’mpanum, 259 

U 

Ultimobiuxchial bodies, 114 
Ultraviolet lajs on epidermis, 374 
Underfeeding, effect on, digestive tiatt, 170 
Paneth cells, 166 

thyioid and paratln roids, 120, 120 
Umtaiian concept of blood, 38 
Upper almientaiw tiact, 137-153 
Urea, iciial tubules, 228 
Ureters, 231 
Urethia, 231 

Urimin' bladder, 231, 316 
Urinary system, 217-232 
nephrons, 219-226 
passages, 230-231 
renal lobes, 217 
lobules, 218 
meters, 231 
urethra, 231 

urmaiw' bladdci, 231, 316 
sinnmary, 232 
(see Kidnej ) 
j Uterine arterj', 62, 71 
I tube, 340 
1 (see I’allopiaii tube) 

I Uterus, 3.53-359 
1 endometrium, 353 
i glands, 354, 355, 356 
\ Ivmphntics, 353 

j menstrual c\ cle, 353-358, ,‘>75, .->76, lO 1, 164 
I muscular changes, 305 
j msoirctnum, 353, 358 
spiral arterioles, 351 
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